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ABSTRACT

Background

People with schizophrenia have a range of different symptoms, including positive symptoms (hallucinations and delusions), negative
symptoms (such as social withdrawal and lack of affect), and cognitive impairment. The standard medication for people with schizophrenia
is antipsychotics. However, these medications may not be effective for all symptoms of schizophrenia, as cognitive and negative symptoms
are usually hard to treat. Additional therapies or medications are available for the management of these symptoms. Modafinil, a
wakefulness-promoting agent most frequently used in narcolepsy or shift work sleep disorder, is one intervention that is theorised to have
an effect of these symptoms.

Objectives

The primary objective of this review was to assess the effects of modafinil for people with schizophrenia or related disorders.

Search methods

On 27 April 2015, 24 May 2017, and 31 October 2019, we searched the Cochrane Schizophrenia Group's register of trials, which is based on
regular searches of CENTRAL, MEDLINE, Embase, AMED, BIOSIS, CINAHL, PsycINFO, PubMed, and registries of clinical trials. There are no
language, time, document type, or publication status limitations for the inclusion of records in the register.

Selection criteria

We selected all randomised controlled trials comparing modafinil with placebo or other treatments for people with schizophrenia or
schizophrenia-spectrum disorders.

Data collection and analysis

We independently extracted data from the included studies. We analysed dichotomous data using risk ratios (RR) and 95% confidence
intervals (Cl). We analysed continuous data using mean difference (MD) with a 95% Cl. We used a random-effects model for the meta-
analysis. We used GRADE to complete a 'Summary of findings' table and assessed risk of bias for the included studies.

Modafinil for people with schizophrenia or related disorders (Review) 1
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


mailto:sergio.covarrubias@outlook.com
https://doi.org/10.1002%2F14651858.CD008661.pub2

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Main results

Eleven studies including a total of 422 participants contributed to data analyses. Most studies had a small population size (average 38
people per study) and were of short duration. We also detected a high risk of bias for selective outcome reporting in just under 50% of
the trials. We therefore rated the overall methodological quality of the included studies as low. We considered seven main outcomes of
interest: clinically important change in overall mental state, clinically important change in cognitive functioning, incidence of a clinically
important adverse effect/event, clinically important change in global state, leaving the study early for any reason, clinically important
change in quality of life, and hospital admission. All studies assessed the effects of adding modafinil to participants' usual antipsychotic
treatment compared to adding placebo to usual antipsychotic treatment.

Six studies found that adding modafinil to antipsychotic treatment may have little or no effect on overall mental state of people with
schizophrenia, specifically the risk of worsening psychosis (RR 0.91,95% CI 0.28 to 2.98; participants =209; studies = 6, low-quality evidence).
Regarding the effect of modafinil on cognitive function, the trials did not report clinically important change data, but one study reported
endpoint scores on the MATRICS Consensus Cognitive Battery (MCCB): in this study we found no clear difference in scores between
modafinil and placebo treatment groups (MD -3.10, 95% CI -10.9 to 4.7; participants = 48; studies = 1, very low-quality evidence). Only one
study (N = 35) reported adverse effect/event data. In this study one serious adverse event occurred in each group (RR 0.84, 95% CI 0.06 to
12.42; participants = 35; studies = 1, very low-quality evidence).

One study measured change in global state using the Clinical Global Impression - Improvement Scale. This study found that adding
modafinil to antipsychotic treatment may have little or no effect on global state (RR 6.36, 95% CI 0.94 to 43.07, participants =21; studies = 1,
very low-quality evidence). Nine studies found that modafinil has no effect on numbers of participants leaving the study early (RR 1.26, 95%
C10.63 to 2.52 participants = 357; studies =9, moderate-quality evidence). None of the trials reported clinically important change in quality
of life, but one study did report quality of life using endpoint scores on the Quality of Life Inventory, finding no clear difference between
treatment groups (MD -0.2,95% CI-1.18 to 0.78; participants = 20; studies = 1, very low-quality evidence). Finally, one study reported data for
number of participants needing hospitalisation: one participant in each group was hospitalised (RR 0.84, 95% CI 0.06 to 12.42; participants
= 35; studies = 1, very low-quality evidence).

Authors' conclusions

Due to methodological issues, low sample size, and short duration of the clinical trials as well as high risk of bias for outcome reporting,
most of the evidence available for this review is of very low or low quality. For results where quality is low or very low, we are uncertain or
very uncertain if the effect estimates are true effects, limiting our conclusions. Specifically, we found that modafinil is no better or worse
than placebo at preventing worsening of psychosis; however, we are uncertain about this result. We have more confidence that participants
receiving modafinil are no more likely to leave a trial early than participants receiving placebo. However, we are very uncertain about
the remaining equivocal results between modafinil and placebo for outcomes such as improvement in global state or cognitive function,
incidence of adverse events, and changes in quality of life. More high-quality data are needed before firm conclusions regarding the effects
of modafinil for people with schizophrenia or related disorders can be made.

PLAIN LANGUAGE SUMMARY

Modafinil for schizophrenia
Review question: Is adding modafinil to antipsychotic treatment effective and safe for people with schizophrenia?
Background

Schizophreniais a complicated and chronic mental disorder that usually presents with a wide range of symptoms. The standard treatment
(antipsychotics) is considered to be effective for the positive symptoms (such as delusions and hallucinations or bizarre thoughts).
However, there are negative and cognitive symptoms (such as social withdrawal, lack of affect, problems with memory) that are not
adequately treated with these medications. These symptoms tend to be chronic and can therefore have a long-term impact on an
individual's quality of life. Additional treatments are often added to antipsychotic treatment, of which one is modafinil, a wakefulness-
promoting medication usually used for sleep disorders.

Searching for evidence

We ran an electronic search of Cochrane Schizophrenia's register of trials in April 2015, May 2017, and October 2019 for trials that
randomised (allocated participants to treatment groups using a random method) people with schizophrenia to receive add-on modafinil
(modafinil added to their standard care) or to receive add-on placebo. We identified 67 records that referred to 25 studies.

Evidence found

Eleven studies met the review requirements and reported data that could be used in analyses. However, the trials included small numbers
of participants and were of short duration; schizophrenia is a long-term health problem that ideally requires studies of longer duration.
Our analysis of the data showed there is no clear difference between add-on modafinil and add-on placebo for improving mental state
or global state, changing cognitive functioning, causing participants to leave a study early, producing adverse effects, or affecting rates
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of hospitalisation. However, most of these results were based on very low- or low-quality data, therefore it is uncertain if these statistical
effect sizes found by our data analyses are true effects.

Conclusions

The results of this review indicate no clear difference in effectiveness and safety between add-on modafinil and add-on placebo, however
these results are not conclusive as they are based low- or very low-quality evidence. Based on the current evidence we were unable to
provide an answer to our review question as to whether modafinil is better than placebo for improving the symptoms of schizophrenia, or
if it is safe to use for people with schizophrenia. More high-quality research is needed.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Modafinil compared to placebo for people with schizophrenia or related disorders

Modafinil compared to placebo for people with schizophrenia or related disorders

Patient or population: schizophrenia or related disorders

Setting: inpatient and outpatient
Intervention: modafinil (plus usual antipsychotic)
Comparison: placebo (plus usual antipsychotic)

Outcomes Anticipated absolute effects* (95% Cl) Relative  Neof Quality Comments
effect partici- of the evi-
Risk with Risk with modafinil (95% pants dence
placebo ()] (stud- (GRADE)
ies)
Mental state: clinically important change in general Study population RR0.91 209 PO
mental state - worsening psychosis (0.28 to (6 RCTs) LOW 12
Follow-up: mean 8 weeks 40 per 1000 36 per 1000 2.98)
(11to 119)
Cogpnitive function: average endpoint score** The mean cog- MD 3.1 points lower - 48 IoloC] **Clinically important change
assessed with: MATRICS Consensus Cognitive Battery nitive function:  (10.9 lower to 4.7 (LRCT) VERYLOW  data not reported by trials.
Follow-up: mean 2 weeks ranged from higher) 35
29.7t032.8 Used data from short-term tri-
points. als. However, another trial re-
ported this outcome after a
single-dose administration;
the results also do not show
a difference between the 2
groups.
Adverse effect/event(s) - serious adverse events Study population RR0.84 35 DO
Follow-up: mean 8 weeks (0.06 to (LRCT) VERY LOW
63 per 1000 53 per 1000 12.42) 156
(4to 776)
Global state: clinically important change in global Study population RR 6.36 21 Telelo)
state (0.94 to (L RCT) VERY LOW
assessed with: Clinical Global Impression-Improve- 100 per 1000 636 per 1000 43.07) 56,4
ment scale (94 to 1000)

Follow-up: mean 8 weeks
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Leaving the study early - for any reason Study population RR1.26 357 B30
Follow-up: range 7 days to 9 weeks (0.63to (9 RCTs) MODER-
98 per 1000 123 per 1000 2.53) ATE 78
(62 to 247)
Quality of life: average endpoint score** The mean qual-  MD 0.2 points lower - 20 DOOO **Clinically important change
assessed with: Quality of Life Inventory ity of life was 4 (1.18 lower to 0.78 (LRCT) VERY LOW  data not reported by trials.
Follow-up: mean 8 weeks points. higher) 359
Lower scores indicate less
quality of life. The range of
possible values goes from 1 to
1.
Service use: hospital admission Study population RR 0.84 35 BOO6
Follow-up: mean 8 weeks (0.06 to (LRCT) VERY LOW
63 per 1000 53 per 1000 12.42) 3510
(4 to 776)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High quality: We are very certain that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately certain in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different.

Low quality: Our certainty in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little certainty in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1 Downgraded one level due to indirectness. The follow-up time frame (about eight weeks) in the trials was insufficient to properly assess this outcome.
2 Downgraded one level due to imprecision as the treatment effect was not consistent with benefit and harm.

3 Downgraded two levels due to indirectness. The trial did not have sufficient time to properly assess this outcome, continous score data not direct measure of clinically important

change.

4 Downgraded one level due to indirectness: The trial did not have sufficient time to properly assess this outcome.

5 Downgraded one level due to imprecision. The treatment effect is not consistent with benefits and harms, the confidence interval is wide, and the sample size is low.
6 Downgraded one level due to risk of bias. The trial did not adequately report random sequence generation, allocation, and blinding.

7 No downgrade. Many studies had high risk of bias for selective reporting, however this did not apply to the outcome leaving the study early, which was adequately reported.

Also, there was concern about one trial stopping early, but the study weight was 8.4%, and the outcome leaving the study early was adequately reported.
8 Downgraded one level due to imprecision. The treatment effect was not consistent with benefit and harms.

9 No downgrade- The trial did not adequately report random sequence generation, allocation, and blinding but had low risk for attrition and reporting bias, therefore we decided

not to downgrade for risk of bias across domains.

10 Downgraded by on level due to risk of bias. The trial had unclear risk for random sequence generation, allocation, and blinding but high risk for attrition and reporting bias.
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BACKGROUND

Description of the condition

Schizophrenia is a severe psychotic disorder. It ranks among the
top 25 illnesses responsible for the global burden of disease (Vos
2015), with a yearly incidence of 15 per 100,000 in men and 10 per
100,000 in women, and a point prevalence of 4.6 per 1000 (McGrath
2004). Itis characterised by a long duration of symptoms, with onset
typically beginning in early adulthood and a mean recovery rate of
only 13.5% (Jaaskeldinen 2012).

Like most psychiatric illnesses, it is diagnosed by the use of
operationalised diagnostic criteria. Symptoms are categorised as
positive (hallucinations or delusions; disorganised behaviour or
speech) and negative (flat affect or poverty of speech) (APA
2013). However, impairments in cognition including attention,
memory, and executive functions have also been proposed as
core symptoms, despite not yet having been elevated to the
level of diagnostic criteria (Kahn 2013). The neurobiology of
schizophrenia is complex and is still poorly understood; classically
a dysfunction of dopaminergic neurotransmission was implicated
as the explanation of this condition (Howes 2009), but evidence has
shown that other abnormalities in glutamate neurotransmission,
abnormalities in synaptic pruning (Keshavan 1994), and oxidative
stress are also involved in the disorder (Owen 2016).

Description of the intervention

Modafinil is a central nervous system wake-promoting stimulant
agent indicated for the treatment of excessive daytime sleepiness
for people suffering from narcolepsy, obstructive sleep apnoea,
and other sleep disorders (Bastoji 1988; Lyons 1991). Structurally,
modafinil is a benzhydrylsulfinylacetamine compound and has a
distant similarity to dextroamphetamine (Duteil 1979). It has a rapid
rate of absorption, which is slowed if administered with food. It
has a volume distribution of 0.9 L/kg and is approximately 90%
metabolised by the liver (McClellan 1998; Moachon 1996). The most
frequently used dosage range of modafinil is 200 to 400 mg per
day (usually administered as a single dose), but pharmacokinetic
studies in healthy normal participants, and randomised controlled
trials for the treatment of narcolepsy found that up to 600 mg per
day is well-tolerated (Wong 1999).

Some studies have shown that modafinil increases neuronal
activation in several regions of the cortex in some animals including
mice, rats, and humans (Engber 1998; Ghahremani 2011; Gozzi
2012; Hunter 2006; Urbano 2007). Affected neurotransmitters
throughout the brain include increased thalamic glutamate levels
(Dawson 2010), noradrenaline in the prefrontal cortex (de Saint
Hilaire 2001), serotonin in the dorsal raphe-cortical system (Ferraro
2005), dopamine in the caudate nucleus (Andersen 2010), orexin
in the perifornical area (Boutrel 2004), and a decreased level of
GABAergic neurotransmission in the cortex, striatum, and posterior
hypothalamus (Scammell 2000).

How the intervention might work

Given the proposed mechanisms of actions of modafinil, it
is plausible that some of the deficits shown in people with
schizophrenia might be impacted positively by the use of modafinil,
as many of the neurotransmitters affected by this medication
are altered in the current understanding of the biology of
schizophrenia (Owen 2016). Also, clinical studies of modafinil have

shown that modafinil improves mood and executive functions of
healthy individuals (Battleday 2015; Randall 2003). Furthermore,
modafinil has a positive impact on cognition in individuals with
neuropsychiatric conditions, including schizophrenia (Turner 2004;
Turner 2004a; Turner 2004b). Finally, modafinil might have a
role in the treatment of the fatigue and insomnia associated
with antipsychotic medication use (Makela 2003; Prasuna 2015).
Modafinil therefore potentially has a role in the treatment of
cognitive and negative symptoms of schizophrenia, and some of
the side effects associated with antipsychotic use.

Why it is important to do this review

The lack of interventions that improve either negative symptoms
or cognitive functions in people with schizophrenia is concerning.
Considering the significantimpact of negative symptoms on quality
of life and functionality (Kirkpatrick 2006), and given that the
largest randomised study of people with schizophrenia showed
that an improvement in cognition was directly associated with
an improved quality of life (Mohamed 2008), we considered it
important to evaluate modafinil as an intervention that might
have a positive impact on negative symptoms and cognition in
the individuals with schizophrenia. Modafinil has shown potential
for enhancing cognitive function in other populations, Turner
2004a; Turner 2004b, and has a theoretical impact on negative
symptomatology (Pierre 2007).

OBJECTIVES

The primary objective of this review was to assess the effects of
modafinil for people with schizophrenia or related disorders.

METHODS

Criteria for considering studies for this review
Types of studies

We included all relevant randomised controlled trials. We included
trials that are described as 'double-blind’ - in which randomisation
is implied - in a sensitivity analysis (see Sensitivity analysis). We
excluded quasi-randomised studies, such as those that allocate
intervention by alternate days of the week. Where additional
treatments were administered as well as modafinil, we only
included data if the adjunct treatment was evenly distributed
between groups and only the modafinil was randomised.

Types of participants

Adults, as defined in the trials, with schizophrenia or related
disorders, including schizophreniform disorder, schizoaffective
disorder, and delusional disorder, by any means of diagnosis. There
is no clear evidence that the schizophrenia-like psychoses are
caused by fundamentally different disease processes or require
different treatment approaches (Carpenter 1994).

We were interested in ensuring that information was as relevant as
possible to the current care of people with schizophrenia, and so
highlighted the current clinical state clearly (acute, early postacute,
partial remission, remission), as well as the stage (prodromal,
first episode, early illness, persistent), and whether the studies
focused primarily on people with particular problems (e.g. negative
symptoms, treatment-resistant illnesses).

Modafinil for people with schizophrenia or related disorders (Review)
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Types of interventions
1. Modadfinil: any dose/administration
2. Placebo

3. Other treatments: interventions other than placebo used in
the trials as comparators to modafinil

All interventions are in addition to standard care, where standard
care is defined as the care patients would normally receive.

Types of outcome measures

We grouped outcomes into single dose, short term (chronic dose for
up to 12 weeks), medium term (chronic dose for up to 26 weeks),
and long term (chronic dose for over 26 weeks).

We endeavoured to report binary outcomes recording clear and
clinically meaningful degrees of change (e.g. global impression of
much improved, or more than 50% improvement on a rating scale,
as defined in the trials) before any other outcomes. We thereafter
listed other binary outcomes, and then continuous outcomes.

For outcomes such as 'clinically important change', 'any change',
and 'relapse', we used the definition used in each of the trials.

We used data from valid scales; see Data extraction and
management.

Primary outcomes
1. Mental state

1.1 Clinically important change in general mental state

2. Cognitive functioning

2.1 Clinically important change in overall cognitive functioning

3. Adverse effect/event(s); clinically important adverse effect
Secondary outcomes
1. Mental state

1.1 Average endpoint or change score general mental state scale
1.2 Clinically important change in specific (positive or negative)
symptoms of schizophrenia

1.3 Average endpoint or change score on specific mental state scale

2. Cognitive functioning

2.1 Clinically important change in specific aspects of cognitive
functioning (e.g. 1Q, memory, learning, attention, fluency, control,
executive functioning)

2.2 Average endpoint or change score on overall cognitive

functioning scale

2.3 Average endpoint or change score on specific aspect of

cognitive functioning scale

3. Adverse effect/event(s)

3.1 Number of participants with at least one treatment-emergent
adverse effect

3.2 Number of participants with at least one serious adverse effect
3.3 Clinically important specific adverse effects (e.g. cardiac effects,
death, movement disorders, probating increase and associated
effects, fatigue, sedation, insomnia, seizures, weight gain, effects
on white blood cell count)

3.4 Average endpoint or change score on adverse effects scale
3.5 Death (natural or suicide)

4. Behaviour/emotional state

4.1 Clinically important change in overall behaviour

4.2 Clinically important change in specific aspects of behaviour/
emotion (e.g. anxiety, aggression, mood)

4.3 Average endpoint or change score on behaviour scale

5. Global state

5.1 Relapse

5.2 Time to relapse

5.3 Clinically important change in global state

5.4 Any change in global state

5.5 Average endpoint or change score on global state scale

6. Functioning

6.1 Clinically important change in general functioning

6.2 Average endpoint or change score on general functioning scale
6.3 Clinically important change in specific aspects of functioning,
such as social or life skills

6.4 Any change in specific aspects of functioning, such as social or
life skills

6.5 Average endpoint or change score on specific aspects of
functioning, such as social or life skills scale

6.6 Employment status (employed/unemployed)

7. Leaving the study early

7.1 For specific reason

8. Quality of life

8.1 Clinically important change in general quality of life
8.2 Average endpoint or change score on general quality of life scale

9. Service use

9.1 Hospital admission/readmission
9.2 Average number of days in hospital

10. Satisfaction with treatment

10.1 Recipient of care satisfied with treatment

10.2 Recipient of care average endpoint or change score on
satisfaction scale

10.3 Carer satisfied with treatment

10.4 Carer average endpoint or change score on satisfaction scale

'Summary of findings' table

We used the GRADE approach to interpret findings (Schiinemann
2011), and employed GRADEpro GDT to export data from our
review and create a 'Summary of findings' table. 'Summary of
findings' tables provide outcome-specific information concerning
the overall quality of evidence from each included study in the
comparison, the magnitude of the effect of the interventions
examined, and the sum of available data on all outcomes we rate
as important to patient care and decision making. We selected the
following main outcomes for inclusion in the 'Summary of findings'
table.

1. Mental state: clinically important change in general mental state

2. Cognitive functioning: clinically important change in overall
cognitive functioning

Modafinil for people with schizophrenia or related disorders (Review)
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Adverse effect/event(s): clinically important adverse effect
Global state: clinically important change in global state
Leaving the study early: for any reason

Quality of life: clinically important change in quality of life
Service use: hospital admission

No o s w

If data were not available for these prespecified outcomes but were
available for similar outcomes, we presented the closest outcome
to the prespecified one in the table but took this into account when
grading the finding.

See: Differences between protocol and review

Search methods for identification of studies
Electronic searches
Cochrane Schizophrenia Group's Study-Based Register of Trials

On 27 April2015,24 May 2017, and 31 October 2019, the Information
Specialist searched the register using the following search strategy:

*Modafinil* in Intervention of STUDY

In such a study-based register, searching the major concept
retrieves all the synonyms and relevant studies. This is because the
studies have already been organised based on their interventions
and linked to the relevant topics (Shokraneh 2017). This allows
rapid and accurate searches that reduce waste in the next steps of
systematic reviewing (Shokraneh 2019).

According to the methods described in the Cochrane Handbook
for Systematic Reviews of Interventions (Lefebvre 2019), the
Information Specialist compiles this register from systematic
searches of major resources and their monthly updates (unless
otherwise specified):

1. Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library;

MEDLINE;

Embase;

Allied and Complementary Medicine (AMED);
BIOSIS;

Cumulative Index to Nursing and Allied Health Literature
(CINAHL);

7. PsycINFO;
8. PubMed;

9. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov);

10.World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp);

11.ProQuest Dissertations and Theses Global and its quarterly
update;

12.Chinese databases (Chinese Biomedical Literature Database,
China Knowledge Resource Integrated Database, and Wanfang)
and their annual updates.

o v wN

The register also includes handsearches and conference
proceedings (see Group's website). There are no limitations on
language, date, document type, or publication status.

Searching other resources
1. Reference searching

We inspected references of all included studies for further relevant
studies.

2. Personal contact

We contacted thefirst author of each included study for information
regarding unpublished trials. We noted the outcome of this contact
in the Characteristics of included studies or Characteristics of
studies awaiting classification tables.

Data collection and analysis
Selection of studies

Two review authors (SAC and AQV) independently inspected
citations from the searches and identified relevant abstracts; one
review author (JO) independently re-inspected a random 20%
sample of these abstracts to ensure reliability of selection. Where
disputes arose, we acquired the full report for more detailed
scrutiny. Three review authors (SAC, AOV, and JO) then obtained
and inspected full reports of the abstracts or reports meeting the
review criteria. One review author (GEA) re-inspected a random
20% of these full reports in order to ensure reliability of selection.
Where it was not possible to resolve disagreement by discussion,
we attempted to contact the authors of the study concerned for
clarification.

Data extraction and management
1. Extraction

Review authors JO and either SAC or AOV extracted data
from all included studies. In addition, to ensure reliability,
one review author (GAQ) independently extracted data from a
random sample of these studies comprising 10% of the total.
We attempted to extract data presented only in graphs and
figures whenever possible but included this information only if
two review authors independently obtained the same result. If
studies were multicentre, then we extracted data relevant to each
where possible. Any disagreements were discussed and decisions
documented. We attempted to contact authors through an open-
ended request in order to obtain missing information or for
clarification where necessary. Two review authors (SCO and LEC)
helped clarify issues regarding any remaining problems and final
decisions were documented.

2. Management
2.1Forms

We extracted data onto standard, pre-designed, simple forms
developed in Microsoft Word 2016 for non-numerical data and a
simple spreadsheet in Microsoft Excel 2016 for numerical data.

2.2 Scale-derived data

We included continuous data from rating scales only if:

a) the psychometric properties of the measuring instrument have
been described in a peer-reviewed journal (Marshall 2000);

b) the measuring instrument has not been written or modified by
one of the trialists for that particular trial; and

c) the instrument was a global assessment of an area of
functioning and not subscores which are not, in themselves,
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validated or shown to be reliable. However, there are exceptions:
we included subscores from mental state scales measuring positive
and negative symptoms of schizophrenia.

Ideally, the measuring instrument should either be i.) a self-report
or ii.) completed by an independent rater or relative (not the
therapist). We realise that this is not often reported clearly; we have
noted if this was the case or not in Description of studies.

2.3 Endpoint versus change data

There are advantages of both endpoint and change data: change
data can remove a component of between-person variability
from the analysis; however, calculation of change needs two
assessments (baseline and endpoint), which can be difficult to
obtain in unstable and difficult-to-measure conditions such as
schizophrenia. We decided to primarily use endpoint data, and only
use change data if the former were not available. Where necessary,
we combined endpoint and change data in the analysis, as we
preferred to use mean differences (MDs) rather than standardised
mean differences (SMDs) throughout (Higgins 2011a).

2.4 Skewed data

Continuous data on clinical and social outcomes are often not
normally distributed. To avoid the pitfall of applying parametric
tests to non-parametric data, we applied the following standards to
relevant continuous data before inclusion.

For endpoint data from studies including fewer than 200
participants:

a) when a scale starts from the finite number zero, we subtracted
the lowest possible value from the mean, and divided this by the
standard deviation (SD). A value lower than one strongly suggests
thatthe data are skewed, and we excluded these data. A ratio higher
than one but less than two suggests that the data are skewed: we
entered these data and tested whether their inclusion or exclusion
would change the results substantially. Finally, if the ratio was
larger than two, we included these data because it s less likely that
they are skewed (Altman 1996; Higgins 2011a);

b) if a scale starts from a positive value (such as the Positive and
Negative Syndrome Scale (PANSS), which can have values from 30
to 210) (Kay 1986), we modified the calculation described above to
take the scale starting point into account. In these cases skewed
data are present if 2SD > (S-S min), where S is the mean score and
'S min' is the minimum score.

Note: we entered all relevant data from studies of more than 200
participants in the analysis irrespective of the above rules because
skewed data pose less of a problemin large studies. We also entered
all relevant change data, as when continuous data are presented

on a scale that includes the possibility of negative values (such as
change data), it is difficult to tell whether or not data are skewed.

2.5 Common measurement

To facilitate comparison between trials, where relevant we
converted variables that can be reported in different metrics, such
as days in the hospital (mean days per year, per week, or per
month), to a common metric (e.g. mean days per month).

2.6 Conversion of continuous to binary

Where possible, we attempted to convert outcome measures to
dichotomous data. This can be done by identifying cut-off points
onrating scales and dividing participants accordingly into 'clinically
improved' or 'not clinically improved'. It is generally assumed that
if there is a 50% reduction in a scale-derived score such as the Brief
Psychiatric Rating Scale (BPRS), Overall 1962, or the PANSS (Kay
1986), this could be considered as a clinically significant response
(Leucht 2005a; Leucht 2005b). If data based on these thresholds
were not available, we used the primary cut-off presented by the
authors of the original study.

2.7 Direction of graphs

Where possible, we entered data in such a way that the area to
the left of the line of no effect indicates a favourable outcome
for modafinil. Where adhering to this made it impossible to
avoid outcome titles with clumsy double-negatives (e.g. 'not un-
improved'), we reported data where the left of the line indicates an
unfavourable outcome and noted this in the relevant graphs.

Assessment of risk of bias in included studies

Two review authors (SAC and JO) independently assessed risk of
bias using the criteria described in the Cochrane Handbook for
Systematic Reviews of Interventions to evaluate trial quality (Higgins
2011b). This set of criteria is based on evidence of associations
between potential overestimation of effect and the level of risk
of bias of the article that could be due to aspects of sequence
generation, allocation concealment, blinding, incomplete outcome
data, and selective reporting, or the way in which these 'Risk of bias'
domains are reported.

Where inadequate details of randomisation and other trial
characteristics were provided, we attempted to contact the study
authors to obtain the additional information. We reported non-
concurrence in quality assessment, but if disputes arose regarding
the category to which a trial was to be allocated, we resolved this
by discussion.

We noted the level of risk of bias in the text of the review and
in Figure 1, Figure 2, and Summary of findings for the main
comparison.
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Figure 1. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Measures of treatment effect
1. Binary data

For binary outcomes, we calculated a standard estimation of the
risk ratio (RR) and its 95% confidence interval (Cl), as it has been
shown that RR is more intuitive than odds ratios (Boissel 1999),
and that clinicians tend to interpret odds ratios as RR (Deeks
2000). Although the number needed to treat for an additional
beneficial outcome (NNTB) and the number needed to treat for an
additional harmful outcome (NNTH), with their Cls, are intuitively
attractive to clinicians, they are problematic to calculate and
interpretin meta-analyses (Hutton 2009). For binary data presented
in the 'Summary of findings' table/s, where possible we calculated
illustrative comparative risks.

2. Continuous data

For continuous outcomes, we estimated MD between groups. We
preferred not to calculate effect size measures (SMD). However,
if scales of very considerable similarity were used, we presumed
there was a small difference in measurement, and calculated effect
size and transformed the effect back to the units of one or more of
the specific instruments.

Unit of analysis issues
1. Cluster trials

Studies increasingly employ 'cluster randomisation' (such as
randomisation by clinician or practice), but analysis and pooling of
clustered data poses problems. Firstly, authors often fail to account
for intraclass correlation in clustered studies, leading to a unit of
analysis error whereby P values are spuriously low, Cls unduly
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narrow, and statistical significance overestimated (Divine 1992).
This causes type | errors (Bland 1997; Gulliford 1999).

Where clustering has been incorporated into the analysis of
primary studies, we presented these data as if from a non-cluster-
randomised study, but adjusted for the clustering effect.

Where clustering was not accounted for in primary studies, we
presented datain a table, with a (*) symbol to indicate the presence
of a probable unit of analysis error. We contacted the first authors of
studies to obtain intraclass correlation coefficients (ICCs) for their
clustered data and adjusted for this by using accepted methods
(Gulliford 1999).

We sought statistical advice and have been advised that the binary
data from cluster trials presented in a report should be divided
by a 'design effect'. This is calculated using the mean number of
participants per cluster (m) and the ICC: thus design effect =1+ (m
- 1) * ICC (Donner 2002). If the ICC was not reported, we assumed it
to be 0.1 (Ukoumunne 1999).

If cluster studies have been appropriately analysed and ICCs
and relevant data documented in the report taken into account,
synthesis with other studies was possible using the generic inverse-
variance technique.

2. Cross-over trials

A major concern of cross-over trials is the carry-over effect.
This occurs if an effect (e.g. pharmacological, physiological, or
psychological) of the treatment in the first phase is carried over
to the second phase. As a consequence, participants can differ
significantly from their initial state at entry to the second phase,
despite a wash-out phase. For the same reason cross-over trials are
not appropriate if the condition of interest is unstable (Elbourne
2002). As both carry-over and unstable conditions are very likely
in severe mental illness, we only used data from the first phase of
cross-over studies.

3. Studies with multiple treatment groups

Where a study involved more than two treatment arms, if relevant,
we presented the additional treatment arms in comparisons. If
data were binary, we simply added these and combined within
the two-by-two table. If data were continuous, we combined data
according to the formula for combining data in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).
Where additional treatment arms were not relevant, we did not
reproduce these data.

Dealing with missing data
1. Overall loss of credibility

At some degree of loss of follow-up, data must lose credibility (Xia
2009). We chose that, for any particular outcome, should more than
50% of data be unaccounted for, we would not reproduce these
data or use them within analyses. If, however, more than 50% of
data in one arm of a study were lost, but the total loss was less
than 50%, we would address this in the 'Summary of findings' table
by downgrading the quality of the evidence. Finally, we would also
downgrade quality in the 'Summary of findings' table if the loss was
25% to 50% in total.

2. Binary

In the case where attrition for a binary outcome was between 0%
and 50% and where these data were not clearly described, we
presented data on a 'once-randomised-always-analyse' basis (an
intention-to-treat analysis). Those participants leaving the study
early were all assumed to have the same rates of negative outcome
as those who completed, with the exception of the outcome of
death and adverse effects. For these outcomes, the rate of those
who stayed in the study - in that particular arm of the trial - was
used for those who did not. We undertook a sensitivity analysis
testing how prone the primary outcomes were to change when
data only from participants who completed the study to that point
were compared to the intention-to-treat analysis using the above
assumptions.

3. Continuous
3.1 Attrition

We used data where attrition for a continuous outcome was
between 0% and 50%, and data only from participants who
completed the study to that point were reported.

3.2 Standard deviations

If SDs were not reported, we attempted to obtain the missing values
from the authors. If this was not possible, where there were missing
measures of variance for continuous data, but an exact standard
error (SE) and Cls available for group means, and either P value
or t value available for differences in mean, we could calculate
SDs according to the rules described in the Cochrane Handbook
for Systematic Reviews of Interventions (Deeks 2011). When only
the SE is reported, SDs are calculated using the formula SD =
SE * +(n). Detailed formulae for estimating SDs from P, t, or F
values, Cls, ranges, or other statistics are presented in the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2011). If
these formulae did not apply, we calculated the SDs according to
a validated imputation method that is based on the SDs of the
other included studies (Furukawa 2006). Although some of these
imputation strategies can introduce error, the alternative would be
to exclude a given study's outcome and thus to lose information.
Nevertheless, we examined the validity of the imputations in a
sensitivity analysis that excluded imputed values.

3.3 Assumptions about participants who left the trials early or were
lost to follow-up

Various methods are available to account for participants who
left the trials early or were lost to follow-up. Some trials only
present the results of study completers; others use the method
of last observation carried forward (LOCF); whilst more recently,
methods such as multiple imputation or mixed-effects models for
repeated measurements (MMRM) have become more of a standard.
Whilst the latter methods seem to be somewhat better than LOCF
(Leon 2006), we feel that the high percentage of participants
leaving the studies early and differences between groups in their
reasons for doing so is often the core problem in randomised
schizophrenia trials. We therefore did not exclude studies based
on the statistical approach used. However, by preference we
used the more sophisticated approaches, that is we preferred to
use MMRM or multiple imputation to LOCF, and only presented
completer analyses if some kind of intention-to-treat data were
not available at all. Moreover, we addressed this issue in the
'incomplete outcome data' domain of the 'Risk of bias' tool.
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Assessment of heterogeneity
1. Clinical heterogeneity

We considered all included studies initially, without seeing
comparison data, to judge clinical heterogeneity. We simply
inspected all studies for participants who were clearly outliers or
situations that we had not predicted would arise and discussed
such situations or participant groups where found.

2. Methodological heterogeneity

We considered all included studies initially, without seeing
comparison data, to judge methodological heterogeneity. We
simply inspected all studies for clearly outlying methods that
we had not predicted would arise and discussed any such
methodological outliers.

3. Statistical heterogeneity
3.1Visual inspection

We investigated the possibility of statistical heterogeneity by
visually inspecting graphs.

3.2 Employing the I statistic

We investigated heterogeneity between studies by considering the
12 statistic alongside the Chi? P value. The I? statistic provides an
estimate of the percentage of inconsistency thought to be due to
chance (Higgins 2003). The importance of the observed value of I?
depends on the magnitude and direction of effects as well as the
strength of evidence for heterogeneity (e.g. P value from Chi? test,
or a confidence interval for 1?). We interpreted an I* estimate greater
than or equal to 50% and accompanied by a statistically significant
Chi? statistic as evidence of substantial heterogeneity (Deeks 2011).
When we found substantial levels of heterogeneity in the primary
outcome, we explored reasons for the heterogeneity (see Subgroup
analysis and investigation of heterogeneity).

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings
is influenced by the nature and direction of results (Egger 1997).
These are described in Chapter 10 of the Cochrane Handbook for
Systematic Reviews of Interventions (Sterne 2011). We are aware
that funnel plots may be useful in investigating reporting biases,
but that they are of limited power to detect small-study effects.
We did not use funnel plots for outcomes where there were 10 or
fewer studies, or where all studies were of similar size. In such cases
where funnel plots are possible, we will seek statistical advice in
their interpretation.

Data synthesis

We understand that there is no closed argument for preference of
use of fixed-effect or random-effects models. The random-effects
method incorporates an assumption that the different studies are
estimating different, yet related, intervention effects. This often
seems to be true to us, and the random-effects model takes into
account differences between studies, even if there is no statistically
significant heterogeneity. There is, however, a disadvantage to the
random-effects model, in that it puts added weight onto small
studies, which are often the most biased ones. Depending on the
direction of effect, these studies can either inflate or deflate the
effect size. We chose to use a random-effects model for all analyses.

Subgroup analysis and investigation of heterogeneity
1. Subgroup analyses
1.1 Primary outcomes

We attempted to undertake subgroup analyses comparing the
results for the following:

1. enrolment of acutely exacerbated or chronically ill patients;
2. treatment duration 12 weeks versus >12 weeks.

2. Investigation of heterogeneity

We reported if inconsistency was high. Firstly, we investigated
whether data had been entered correctly. Secondly, if the data
were correct, we inspected the graph visually and removed outlying
studies successively to see if homogeneity was restored. We
decided for this review that should this occur with data contributing
to the summary finding of no more than 10% of the total weighting,
we would present data. If not, we would not pool these data and
would discuss any issues. We know of no supporting research for
this 10% cut-off, but are investigating use of prediction intervals as
an alternative to this unsatisfactory state.

When unanticipated clinical or methodological heterogeneity
was obvious, we simply stated hypotheses regarding this for
future reviews or versions of this review. We did not anticipate
undertaking analyses relating to this.

Sensitivity analysis
1. Implication of randomisation

We included trials in a sensitivity analysis if they were described in
some way thatimplies randomisation. For primary outcomes, if the
inclusion of these trials did not result in a substantive difference,
the trials remained in the analyses. If their inclusion did result in
statistically significant differences, we did not add the data from
these lower-quality studies to the results of the higher-quality trials,
but presented these data within a subcategory.

2. Assumptions for lost binary data

Where assumptions needed to be made regarding participants lost
to follow-up (see Dealing with missing data), we compared the
findings of the primary outcomes when we used our assumption
compared with completer data only. If there was a substantial
difference, we reported the results and discussed them, but
continued to employ our assumption.

Where assumptions needed to be made regarding missing SD data
(see Dealing with missing data), we compared the findings of the
primary outcomes when we used our assumption compared with
completer data only. We undertook a sensitivity analysis to test
how prone results were to change when completer data only were
compared to the imputed data using the above assumption. If there
was a substantial difference, we reported the results and discussed
them, but continued to employ our assumption.

3. Risk of bias

We analysed the effects of excluding trials judged to be at high
risk of bias across one or more of the 'Risk of bias' domains
(implied as randomised with no further details available, allocation
concealment, blinding, and outcome reporting) for the meta-
analysis of the primary outcome. If the exclusion of trials at high risk
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of bias did not alter the direction of effect or the precision of the
effect estimates substantially, then we included relevant data from
these trials.

4. Imputed values

We undertook a sensitivity analysis to assess the effects of including
data from trials where we used imputed values for ICC in calculating
the design effect in cluster-randomised trials.

If we noted substantial differences in the direction or precision of
effect estimates in any of the sensitivity analyses listed above, we
did not pool data from the excluded trials with the other trials
contributing to the outcome, but presented them separately.

5. Fixed-effect and random-effects

We synthesised data using a random-effects model; however, we
also synthesised data for the primary outcome using a fixed-effect
model in this line in order to evaluate whether this altered the
significance of the results.

RESULTS

Description of studies

For detailed descriptions of the studies, see Characteristics of
included studies and Characteristics of excluded studies.

Results of the search

The initial search in 2015 identified 61 records, and the updated
search in 2017 yielded five further records. We found another
reference during the process of writing the review (Lees 2017),
as it was not indexed at the time of the search. The 67 records
corresponded to 25 different studies; we excluded two of these
records after reading the title and abstract, leaving 65 records for
23 studies that appeared to be relevant. We retrieved and inspected
the 65 full-text articles and excluded 12 studies with 32 references
with reasons. There were no ongoing studies (Figure 3). Weincluded
11 studies (33 references) in the review.

Modafinil for people with schizophrenia or related disorders (Review)

14

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Figure 3. Study flow diagram.
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Included studies 2. Length of trials

We identified 11 studies (33 references) for inclusion in the review. Al trials were short term as they lasted 12 weeks or less (average
. duration “7 weeks). Prasuna 2015 was the longest study, with a
1. Study design duration of 12 weeks, and Spence 2005 was the shortest, lasting one

Most studies used a parallel-group design, but Lees 2017 and  Week.
Spence 2005 were cross-over studies. We used only the results of
the first phase for the cross-over studies, as specified in Unit of
analysis issues. The 11 included studies involved a total of 422 participants (range
19 to 72; average "38 people per study). Most studies included
people with schizophrenia, delusional disorder, and schizoaffective
psychoses. However, Michalopoulou 2015 also included healthy

3. Participants
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volunteers, but we only used the data from the participants
with schizophrenia. Prasuna 2015 also included individuals with
affective psychoses, but we decided to include this study as most
of the participants were relevant to our review (see Differences
between protocol and review). All of the studies used operational
criteria for the diagnosis with the exception of Prasuna 2015, which
included participants “taking antipsychotics”, but did not explain
the method of the diagnosis.

Some studies examined specific groups of participants. Kumar
2010 studied participants with troublesome drowsiness or hyper-
salivation, and Pierre 2007, Shafti 2016, and Spence 2005 studied
participants with prominent negative symptoms.

4. Intervention

All of the studies compared oral modafinil with placebo. Two
studies used a single dose of modafinil (Pierre 2007; Spence 2005).
The most commonly used dose was 200 mg (5 of 11 studies); only
Freudenreich 2009 used higher doses of modafinil (mean dose of
250 mg/day of modafinil at the end of the study). Participants in
all of the included studies were also receiving a treatment with
another antipsychotic.

5. Settings

Three studies included inpatients, with Spence 2005 only admitting
participants to the hospital for surveillance during the 24 hours
after administration of the medication. Seven studies included
outpatients. The setting in Prasuna 2015 was unclear.

6. Outcomes

A variety of scales were used to assess mental state, cognitive
function, global effect, quality of life, and adverse events. The
reporting of many of these was poor. We contacted the study
authors to obtain more information (see Appendix 1); only the
authors of Lees 2017 and Spence 2005 responded to our request
and provided the necessary data.

6.1 Outcome scales

We have only presented details of scales that provided usable
data for the analyses below. The reasons for not including data
provided by other instruments can be found under 'outcomes' in
the Characteristics of included studies.

Mental state

i. Brief Psychiatric Rating Scale (BPRS) (Overall 1962)

This is used to assess the severity of abnormal mental state. The
original scale has 16 items, but a revised 18-item scale is commonly
used. Each item is defined on a seven-point scale varying from
'not present' to 'extremely severe', scoring from zero to six or one
to seven. Scores can range from zero to 126, with high scores
indicating more severe symptoms.

ii. Positive and Negative Syndrome Scale (PANSS) (Kay 1987)

This schizophrenia scale has 30 items, each of which can be defined
on a seven-point scoring system varying from one - absent to
seven - extreme. This scale can be divided into three subscales
for measuring the severity of general psychopathology, positive
symptoms (PANSS-P), and negative symptoms (PANSS-N). A high
score indicates greater severity.

iii. Scale for the Assessment of Positive Symptoms (SAPS)
(Andreasen 1984)

This six-point scale provides a global rating of positive symptoms
such as delusions, hallucinations, and disordered thinking. Higher
scores indicate more symptoms.

iv. Scale for the Assessment of Negative Symptoms (SANS)
(Andreasen 1983)

This scale permits a global rating of the following negative
symptoms: alogia (impoverished thinking), affective blunting,
avolition-apathy, anhedonia-asociality, and attention impairment.
Assessments are made on a six-point scale from zero (not at all) to
five (severe). Higher scores indicate more symptoms.

Cognitive function

i. MATRICS Consensus Cognitive Battery (MCCB) (Nuechterlein
2008)

The MCCB is a battery of tests developed by the Measurement
and Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) initiative. It measures multiple domains: speed of
processing, attention/vigilance, working memory, verbal learning,
reasoning and problem solving, and social cognition. It also
calculates an overall composite score for all 10 tests. Higher scores
indicate better cognition.

ii. The Cambridge Neuropsychological Test Automated Battery
(CANTAB) (Robbins 1994)

The CANTAB is administered in a touch-sensitive screen. The
battery is composed of 22 tests that measure distinct areas of
cognitive function such as visual memory, visual attention, learning
and memory, working memory, planning, set-shifting, sustained
attention, and fluid intelligence. The scoring depends on the type
of test that was performed. It measures multiple cognitive domains
with different tests: Intra-Extra Dimensional Set Shift (IED), One
Touch Stockings of Cambridge (OTS), Motor Screening Task (MOT),
Rapid Visual Information Processing (RVP), Reaction Time (RTI),
Verbal Recognition Memory (VRM), Paired Associates Learning
(PAL), and Spatial Working Memory (SWM). It does not have an
overall score; scoring depends on the particular test.

iii. Controlled Word Association Test (COWAT) (Benton 1994)

This test evaluates verbal fluency. Participants are given one letter
(C,F, L) and are asked to name the most number of words beginning
with this letter in 1 minute. Higher scores indicate more fluidity.

iv. Degraded Stimulus-Continuous Performance test (DSCP-T)
(Nuechterlein 1986)

This task evaluates attention and visual vigilance. Subjects are
presented with a series of stimuli (numbers or letters) and are asked
to discriminate the target stimuli from other distracting stimuli by
pressing a button. Higher scores indicate more attention and visual
vigilance.

v. Oculomotor Delayed Response Test (ODRT) (Goldman-Rakic
1998)
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In this task, subjects fixate on a central stimulus whilst a target
appears unpredictably in the peripheral space, memorising the
location of the target, and after a varied delay period, the fixation
cue disappears, which cues the participant to make an eye
movement to the location at which the target had appeared. The
response measures accuracy, response time, hemifield errors, and
perseverative errors. Higher ratings are associated with better
overall working memory.

vi. Continuous Performance Test, Identical Pairs Version (CPT-IP)
(Cornblatt 1988)

This test is a measure of visual sustained attention. It involves
monitoring responses to certain stimuli (numbers) as they are
presented briefly one at a time. Higher scores indicate better
attention.

vii. Rey Auditory Verbal Learning Test (RAVL) (Lezak 1995)

This test evaluates a wide diversity of functions: short-term
auditory-verbal memory, rate of learning, learning strategies,
retroactive and proactive interference, presence of confabulation
of confusion in memory processes, retention of information, and
differences between learning and retrieval. Different summary
scores are derived from raw RAVL scores. Higher scores are related
to better cognitive functioning.

Adverse event

i. Simpson Angus Scale (SAS) (Simpson 1970)

This scale contains 10 items: gait, arm dropping, shoulder shaking,
elbow rigidity, wrist rigidity, leg pendulousness, head dropping,
glabella tap, tremor, and salivation. Each item is rated between zero
and four. A total score is obtained by adding the items and dividing
by 10. Scores of up to 0.3 are considered within the normal range.
Higher scores indicate greater severity.

Global state

i. Clinical Global Impression scale (CGI) (Guy 1976)

This scale is used to assess both the severity of illness and
clinical improvement, by comparing the conditions of the person
standardised against other people with the same diagnosis. A
seven-point scoring system is usually used, with low scores
showing decreased severity or overall improvement, or both. CGI-
Severity (CGI-S) is a component of the CGI that rates illness
severity, and CGl-Improvement (CGl-I) rates improvement. High
scores indicate a worse outcome.

Behaviour

i. Nurses' Observation Scale for Inpatient Evaluation (NOSIE)
(Honigfeld 1965)

This is an 80-item scale with items rated on a five-point scale
from zero (not present) to four (always present). Ratings are
based on behaviour over the previous three days. The seven
headings are social competence, social interest, personal neatness,
co-operation, irritability, manifest psychosis, and psychotic
depression. The total score ranges from zero to 320, with high
scores indicating a poor outcome.

Quality of life
i. Quality of Life Interview (QOLI) (Lehman 1988)

The QOLI is a scale administered by an interviewer that was
developed for individuals with severe mental illness. It assesses
the subjective experience and the objective characteristics of
patients in eight life domains: living situation, daily activities and
functioning, family relations, social relations, finances, work and
school, legal and safety issues, and health. Higher scores indicate
better quality of life; the range of possible values go from 1 to 7.

ii. Psychological General Well-Being Index (PGWBI) (Dupuy 1984)

The PGWBI sets aside the evaluation of physical well-being and
focuses on a self-reported evaluation of people well-being in six
dimensions: anxiety, depressed mood, positive well-being, self-
control, general health, and vitality. It consists of 22 items with six
point response scale, representing intensity and frequency.

Excluded studies

We excluded 12 studies with 32 references from this review
(Characteristics of excluded studies).

Four trials used armodafinil as the intervention (Kane 2008;
NCT00373672; NCT00487942; NCT00772005). Another four studies
reported imaging outcomes or cumulative activity (Minzenberg
2007; Minzenberg 2010b; NCT00057707; NCT00423943), which were
not the focus of this review. Minzenberg 2010a had no control
group; randomisation was performed to the dose and not to the
participants. Leblanc 2006 was a cross-over clinical trial; the author
provided data but the information was not usable. Scoriels 2011
and Turner 2004 were also cross-over clinical trials, which did not
report data for the first phase of the trial, making the data unusable
for our review; we attempted to contact the study authors during
the writing of this review but have not received a response.

Ongoing studies

We are not aware of any ongoing study.

Risk of bias in included studies

We performed a 'Risk of bias' assessment for each trial. Our
judgements regarding the overall risk of bias in individual studies
areillustrated in Figure 1 and Figure 2.

Allocation

Allincluded studies were reported to be randomised. Freudenreich
2009, Pierre 2007, Sevy 2005, and Shafti 2016 did not report a
specific method used for randomisation, therefore we classified
these studies as having an unclear risk of bias for random sequence
generation. Six studies did not report the method of concealment
and were classified as at unclear risk of bias for allocation
concealment.

Blinding

All studies were reported to be double-blind. If the study was
described as 'double-blind' but no other information was provided,
we assessed the trial as at unclear risk of bias. We judged five
studies as at unclear risk of both performance bias and detection
bias (Freudenreich 2009; Lohr 2013; Pierre 2007; Sevy 2005; Spence
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2005). The remaining studies described the method of blinding and
were classified as at low risk of bias.

Incomplete outcome data

We rated seven studies as at low risk of attrition bias, due either
to adequate analysis of the data or no participants lost during
the trial. We assessed four studies as at high risk of attrition bias.
Freudenreich 2009 lost 33% of the participants in the control group,
and Kumar 2010 did not address the type of analyses that were
undertaken for participants who left early, and reasons for leaving
early were imbalanced between groups. Lees 2017 did not report
the groups to which the participants who left early belonged, and
Prasuna 2015 did not report the type of analysis undertaken with
regard to their missing data.

Selective reporting

Six studies were free from selective reporting. Five studies had a
high risk of bias for selective reporting, with five of them reporting
continuous data poorly or in methods not imputable in the meta-
analysis.

Other potential sources of bias

We identified no other potential sources of bias in 10 of the 11
included studies. We judged Kumar 2010 as at high risk of bias for
this domain because it was stopped early and did not meet the
target sample.

Effects of interventions

See: Summary of findings for the main comparison Modafinil
compared to placebo for people with schizophrenia or related
disorders

1. COMPARISON 1: MODAFINIL (+ usual antipsychotic) versus
PLACEBO (+ usual antipsychotic) - all short-term data

1.1 Mental state: 1a. Overall: clinically important change -
worsening psychosis

Six trials reported 'worsening psychosis', but no specific definition
of worsening psychosis was given by any of the trials. Overall,
3.8% of participants in the trials experienced an event of worsening
psychosis, but there was no clear difference between the modafinil
and placebo groups for number of participants experiencing
an episode of worsening psychosis (risk ratio (RR) 0.91, 95%
confidence interval (Cl) 0.28 to 2.98; participants = 209; studies = 6,
Analysis 1.1; low-quality evidence).

1.2 Mental state: 1b. Overall: average total score (BPRS,
endpoint, high = poor)

Two studies measured average endpoint scores on the BPRS
(Analysis 1.2). There was no clear difference between modafinil
and placebo groups (mean difference (MD) -0.66, 95% Cl -5.65 to
4.32; participants = 40; studies = 2). This outcome had important
levels of heterogeneity (1> = 56%). There was no clear difference
between groups in either study; the heterogeneous results might
be explained by the different population recruited in Pierre 2007,
which had prominent negative symptomes.

1.3 Mental state: 1c. Overall: average total score (PANSS,
endpoint, high = poor)

One study measure average endpoint scores on the PANSS (Analysis
1.3). There was no clear difference between groups (MD 2.20, 95%
Cl1-9.56 to 13.96; participants = 24; studies = 1).

1.4 Mental state: 1d. Overall: average total score (PANSS,
endpoint, high = poor, skewed data)

These continuous data (2 trials, N = 83) had such large SDs as
to suggest that analysis would be inadvisable. We have therefore
reported these data as 'other data' (Analysis 1.4).

1.5 Mental state: 2a. Specific: positive symptoms: i. average
score (SAPS, endpoint, high = poor)

One study reported positive symptoms using SAPS (Analysis 1.5).
There was no clear difference between groups (MD 1.45, 95% ClI
-1.38 t0 4.28; participants = 50; studies = 1) .

1.6 Mental state: 2b. Specific: positive symptomes: ii. average
score (PANSS, endpoint, high = poor, skewed data)

Continuous data from three trials were skewed.We have therefore
reported these data as 'other data' (Analysis 1.6).

1.7 Mental state: 3a. Specific: negative symptoms - clinically
important change (improvement)

One study reported clinically important change (improvement) in
negative symptoms (Analysis 1.7). The study defined improvement
as a reduction of more than 20% in the severity of the SANS. There
was a clear difference favouring modafinil between groups (RR 2.33,
95% CI 1.07 to 5.09; participants = 50; studies = 1).

1.8 Mental state: 3b. Specific: negative symptoms: i. average
score (PANSS, endpoint, high = poor)

One study reported negative symptoms using average endpoint
scores on the PANSS (Analysis 1.8). There was no clear difference
between groups (MD -1.30, 95% CI -5.15 to 2.55; participants = 24;
studies =1).

1.9 Mental state: 3b. Specific: negative symptomes: ii. average
score (SANS scale, endpoint, high = poor)

One study reported negative symptoms using average endpoint
scores on the SANS (Analysis 1.9). There was no clear difference
between groups (MD -2.01, 95% Cl -4.23 to 0.21; participants = 70;
studies =2).

1.10 Mental state: 3c. Specific: negative symptoms: iii. average
score (PANSS, endpoint, high = poor, skewed data)

These continuous data were skewed. We have therefore reported
these data as 'other data' (Analysis 1.10).

1.11 Cognitive function: 1a. Overall: average score: i. single dose
(MCCB composite score, endpoint, high = good)

One study reported overall cognitive functioning using MCCB
composite scores (Analysis 1.11). There was no clear difference
between groups (MD 7.93, 95% Cl -0.57 to 16.43; participants = 40;
studies =1).

Modafinil for people with schizophrenia or related disorders (Review)

18

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

1.12 Cognitive function: 1b. Overall: average score: ii. short term
(MCCB composite score, endpoint, high = good)

One study reported overall cognitive functioning using MCCB
composite scores (Analysis 1.12). There was no clear difference
between groups (MD -3.10, 95% CI -10.90 to 4.70; participants = 48;
studies=1).

1.13 Adverse event/effect(s): 1a. General: any adverse event

One study reported incidence of any adverse event. There was no
clear difference between modafinil and placebo groups in the short
term (RR 1.00, 95% CI 0.92 to 1.09; participants = 46; studies = 1,
Analysis 1.13).

1.14 Adverse event/effect(s): 1b. General: any serious adverse
events

A single study (N = 35) reported this outcome. There was no clear
difference between modafinil and placebo groups (RR 0.84, 95% ClI
0.06 to 12.42, Analysis 1.14, very low-quality evidence).

1.15 Adverse event/effect(s): 2. Specific - cardiovascular

One study reported cardiovascular effects (Analysis 1.15).

1.15.1 Chest pain

There was no clear difference between modafinil and placebo
groups for reports of chest pain (RR 1.00, 95% Cl 0.07 to 15.08;
participants = 48; studies = 1).

1.15.2 Hypertension

There was no clear difference between modafinil and placebo
groups for reports of hypertension (RR 3.00, 95% Cl 0.13 to 70.16;
participants = 48; studies = 1).

1.15.3 Palpitations

There was no clear difference between modafinil and placebo
groups for reports of palpitations (RR 0.33, 95% CI 0.01 to 7.80;
participants = 48; studies = 1).

1.15.4 Tachycardia

There was no clear difference between modafinil and placebo
groups for reports of tachycardia (RR 0.33, 95% ClI 0.01 to 7.80;
participants = 48; studies = 1).

1.16 Adverse event/effect(s): 3. Specific - gastrointestinal

Four studies reported data for this outcome. There were no clear
differences between modafinil and placebo groups for any of the
gastrointestinal adverse event/effect(s) reported below (Analysis
1.16).

1.16.1 Abdominal pain

(RR0.42,95% Cl 0.04 to 4.23; participants = 35; studies = 1).
1.16.2 Bitter taste

(RR 3.00, 95% Cl 0.14 to 65.90; participants = 20; studies = 1).
1.16.3 Constipation

(RR0.33,95% Cl 0.01 to 7.80; participants = 48; studies = 1).

1.16.4 Diarrhoea

(RR2.00, 95% Cl 0.19 to 20.61; participants = 48; studies = 1).
1.16.5 Dyspepsia

(RR2.00, 95% Cl 0.19 to 20.61; participants = 48; studies = 1).
1.16.6 Nausea

(RR 1.14,95% Cl 0.48 to 2.73; participants = 94; studies = 2).

1.17 Adverse event/effect(s): 4. Specific - infectious

One study reported data for this outcome. Again, there were
no clear differences between treatment groups for any of the
infectious adverse event/effect(s) reported below (Analysis 1.17).

1.17.1 Flu syndrome

(RR 4.00, 95% Cl 0.48 to 33.22; participants = 48; studies = 1).
1.17.2 Pharyngitis

(RR 3.00, 95% Cl 0.13 to 70.16; participants = 48; studies = 1).
1.17.3 Rhinitis

(RR0.75, 95% Cl 0.19 to 3.00; participants = 48; studies = 1).

1.18 Adverse event/effect(s): 5. Specific - movement disorder -
average scores (SAS, endpoint, high = poor, skewed data)

These continuous data were skewed and are presented as 'other
data' (Analysis 1.18).

1.19 Adverse event/effect(s): 6. Specific - musculoskeletal

One study reported musculoskeletal effects and found no clear
difference between modafinil and placebo groups (Analysis 1.19).

1.19.1 Back pain
(RR 2.00, 95% Cl 0.19 to 20.61; participants = 48; studies = 1).

1.20 Adverse event/effect(s): 7. Specific - neurological

Several trials reported this outcome and found no clear difference
between modafinil and placebo groups for any of the neurological
adverse event/effect(s) reported below (Analysis 1.20).

1.20.1 Dizziness

(RR 1.41,95% CI 0.65 to 3.05; participants = 129; studies = 3).
1.20.2 Fatigue

(RR5.95, 95% CI 0.33 to 107.25; participants = 35; studies = 1).
1.20.3 Headache

(RR2.11,95% Cl 0.97 to 4.62; participants = 129; studies = 3).
1.20.4 Sedation

(RR 0.60, 95% Cl 0.16 to 2.22; participants = 46; studies = 1).
1.20.5 Tinnitus

(RR 3.00, 95% Cl 0.14 to 65.90; participants = 20; studies = 1).
1.20.6 Tremor

(RR 2.00, 95% Cl 0.41 to 9.87; participants = 46; studies = 1).
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1.21 Adverse event/effect(s): 8. Specific - psychiatric

Three trials reported psychiatric adverse effects and found no clear
difference between modafinil and placebo groups for any of the
adverse effects reported below (Analysis 1.21).

1.21.1 Anxiety
(RR 2.23,95% Cl 0.54 to 9.26; participants = 82; studies = 2).

1.21.2 Depression
(RR 1.68,95% Cl 0.17 to 16.91; participants = 35; studies = 1).

1.21.3 Insomnia

(RR 1.16, 95% Cl 0.49 to 2.74; participants = 114; studies = 3).

1.21.4 Irritability
(RR0.20, 95% C1 0.01 to 3.70; participants = 20; studies = 1).

1.21.5 Nervousness

(RR9.00, 95% CI 0.51 to 158.52; participants = 48; studies = 1).

1.22 Adverse event/effect(s): 9. Specific - various other effects

Four studies reported the incidence of various adverse effects and
found no clear differences between groups for any of the adverse
event/effect(s) reported below (Analysis 1.22).

1.22.1 Anorexia

(RR 3.00, 95% C1 0.13 to 70.16; participants = 48; studies = 1).

1.22.2 Oedema
(RR 3.00, 95% Cl 0.14 to 65.90; participants = 20; studies = 1).

1.22.3 Sexual dysfunction
(RR 1.00, 95% Cl 0.15 to 6.51; participants = 46; studies = 1).

1.22.4 Weight gain
(RR 0.50, 95% Cl 0.10 to 2.47; participants = 46; studies = 1).

1.23 Adverse event/effect(s): 10. Specific - sleep - average hours
of sleep at endpoint

There was no clear difference in average hours slept by endpoint of
trial between groups (MD 0.80, 95% CI -0.03 to 1.63; participants =
70; studies = 1, Analysis 1.23).

1.24 Adverse event/effect(s): 11. Specific - weight - average
weight in kilograms at endpoint

There was no clear difference in the average weight (kg) of
participants at endpoint between groups (MD 4.63, 95% CI -9.75 to
19.01; participants = 20; studies = 1, Analysis 1.24).

1.25 Adverse event/effect(s): 12a. Specific: fatigue: i. average
scores (CGI-1, endpoint, high = poor, skewed data)

These continuous data from a single trial had such large SDs
as to suggest that analysis within Review Manager 5 would be
inadvisable. We have therefore presented these data as 'other
data' (Analysis 1.25).

1.26 Adverse events: 12b. Specific: fatigue : ii. average scores
(FSS, endpoint, high = poor, skewed data)

These continuous data were skewed and are presented as 'other
data' (Analysis 1.26).

1.27 Behaviour: average total score (NOSIE, endpoint, high =
poor)

We identified one study relevant to this outcome (N = 50). There
was no clear difference between modafinil and placebo groups (MD
-1.72,95% CI -7.25 to 3.81, Analysis 1.27).

1.28 Global state: 1. Clinically important change in global state -
no improvement (CGl-1 = 4)

One study reported improvement in global state, in Pierre 2007 a
participant was considered not clinically improved their CGI-I score
was 4 or less. There was no clear difference between groups for this
outcome (RR 6.36, 95% CI 0.94 to 43.07; participants = 21; studies =
1, Analysis 1.28; very low-quality evidence).

1.29 Global state: 2. Relapse - single dose

Spence 2005 reported relapse data. In this trial, a participant
relapsed four days after administration of modafinil, but a causality
for the use of modafinil could not be established. Analysis showed
there was no clear difference in number of participants relapsingin
the modafinil and placebo groups (RR 2.70, 95% CI 0.13 to 58.24;
participants = 17; studies = 1, Analysis 1.29).

1.30 Global state: 3a. Average total score (CGI-1 scale, endpoint,
high = poor)

Two studies reported endpoint CGI-I scores. There was no clear
difference between treatment groups. (MD -0.46, 95% Cl -1.34 to
0.42; participants = 40; studies = 2, Analysis 1.30). Heterogeneity
was high for this outcome (I = 80%).

1.31 Global state: 3b. Average total score (CGI-S scale, endpoint,
high = poor)

Two studies reported endpoint CGI-S scores. There was no clear
difference between treatment groups. (MD -0.24, 95% Cl -0.63 to
0.15; participants = 70; studies = 2, Analysis 1.31).

1.32 Leaving the study early: 1a. Any reason

Nine studies reported leaving the study early. There was no
clear difference between groups (RR 1.26, 95% CI 0.63 to 2.52;
participants = 357; studies = 9, Analysis 1.32,moderate-quality
evidence). Overall, 11.2% of participants did not complete the
studies. Shafti 2016 was the only study in which no participants left
the study early; this trial was completed in an inpatient setting.

1.33 Leaving the study early: 1b. Any reason - single dose

There was no clear difference between groups for this outcome (RR
2.70, 95% Cl 0.13 to 58.24; participants = 17; studies = 1, Analysis
1.33).

1.34 Leaving the study early: 2. Due to adverse event

Two studies reported this outcome. There was no clear difference
between modafinil and placebo groups (RR 1.08, 95% CI 0.05 to
22.20; participants = 109; studies = 2, Analysis 1.34). Heterogeneity
was high for this outcome (I? = 64%), which might be explained by
the different setting and type of patient: one study took place in a
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highly specialised clozapine clinic in the USA (Freudenreich 2009),
whilst the other study was conducted in India and included people
taking antipsychotics regardless of the diagnosis (Prasuna 2015).
The five events occurring in the modafinil group were in Prasuna
2015: three participants discontinued the study due to headache
and two participants due to insomnia.

1.35 Quality of life: 1a. General: i. average total score (QOLI,
endpoint, high = good)

We found a single study (N = 20) relevant to this outcome. There
was no clear difference between modafinil and placebo groups (MD
-0.2,95% Cl -1.18 to 0.78, Analysis 1.35).

1.36 Quality of life: 1b. General: ii. average total score (PGWBI,
endpoint, high = good)

We identified one study relevant to this outcome (N = 50). There
was no clear difference between modafinil and placebo groups (MD
-0.68, 95% CI -5.52 to 4.16, Analysis 1.36).

1.37 Service utilisation: hospital admission

Freudenreich 2009 (N = 35) reported one hospital admission for a
participant in each group. The participant in the modafinil group
was hospitalised in a psychiatric facility, whilst the participant in
the placebo group had surgery due to appendicitis. There was no
clear difference between groups (RR 0.84, 95% Cl 0.06 to 12.42,
Analysis 1.37).

2. SENSITIVITY ANALYSIS

Performing a sensitivity analysis was only relevant for the primary
outcome of mental state: clinically important change.

2.1 Mental state: clinically important change - worsening
psychosis - trial with participants with affective psychoses

When we post hoc excluded the results from Prasuna 2015,
the study that included participants who were on atypical
antipsychotics for less than two weeks irrespective of the
diagnosis, the direction of effect for worsening psychosis remained
unchanged (RR0.77,95% Cl 0.21 to 2.77; participants = 137; studies
=5, Analysis 1.38).

3. Missing outcomes

As shown in this review, there has been a focus on the use of
modafinil for people with schizophrenia for cognitive enhancement
and to treat negative symptoms. However, economic outcomes,
social functioning, and satisfaction with treatment have not been
evaluated. Furthermore, binary data for improvement in mental
state was only reported for negative symptoms outcomes but not
for general improvement in mental state.

4. SUBGROUP ANALYSIS

Subgroup analysis was not possible as we only obtained data from
chronically ill participants, and all of the trials lasted 12 weeks or
less.

5. COMPARISON 2: MODAFINIL (+ usual antipsychotic) versus
PLACEBO (+ usual antipsychotic) - subscale data - all short
term

Four trials reported subscores from various cognitive functioning
scales. As these are not global assessments of an area of
functioning, the results are shown in Appendix 2.

DISCUSSION

Summary of main results
1. General

The use of modafinil for schizophrenia has been of interest
to researchers as an intervention to improve the negative and
the cognitive symptoms of schizophrenia without worsening
the positive symptoms. The first clinical trial on the use of
modafinil for schizophrenia was published more than a decade
ago (Turner 2004). This trial showed promising results for cognitive
improvementin people with schizophrenia, but replication of these
results has not been possible, as was shown in this review. We
included 11 studies with approximately 37 outcomes; the included
studies had rather small sample sizes and short follow-up time.
The overall findings of this review are that it is unclear if adding
modafinil to usual antipsychotic treatment affects symptoms
of schizophrenia when compared to adding placebo to usual
antipsychotic treatment.

2. Overall mental state: worsening psychosis

We found that 3.8% of participants experienced an event of
worsening psychosis in the trials, but there was no difference
between groups in the incidence of this event. However, it is worth
noting that we assessed the evidence as of low quality, limited
by poor reporting by trials regarding methods of randomisation,
allocation concealment, and blinding. Also, worsening psychosis
was not further defined in any of the trials. Finally, it should
be noted that the severity of a psychotic episode can vary, and
episodes can have long-lasting effects in the life of the person
experiencing the episode as well as those around them. Based
on the current evidence, we can draw no firm conclusions on the
impact of modafinil for mental state.

3. Cognitive function: overall - MATRICS Consensus Cognitive
Battery composite score

Only two studies reported on cognitive function using the MCCB.
Lees 2017 used a single dose of modafinil, and Michalopoulou 2015
used modafinil for 10 days plus cognitive training. We included
Michalopoulou 2015 in the 'Summary of findings' table, but neither
of the clinical trials showed an important difference between
groups. Unfortunately, we were unable to use data from Scoriels
2011, Turner 2004, and Leblanc 2006, given that they are cross-
over trials that did not report data for the first phase. With these
limitations in mind, being mindful that more data exist on the use of
modafinil for cognition that was notincluded in our analysis, we are
uncertain if modafinil has any effect on cognition for schizophrenia
given the very low quality of the evidence.

4, Leaving the study early: any reason

The rate of attrition for randomised participants was 11.2%. This
level of attrition is within acceptable ranges for clinical trials of
schizophrenia (Xia 2009). The results of this review showed that
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modafinil did not seem to affect participants leaving the study
early due to any reason. However, the results were limited, as the
condition of schizophrenia is a chronic one, and the follow-up time
in the trials was insufficient (mean = 8 weeks). Also, whilst we
assessed the quality of the evidence as moderate, translating this
result to real-world settings is problematic, especially given that
participants abandon the trials for distinct reasons and motives,
and these were not adequately reported in many of the included
trials. Overall, the conclusions that can be drawn based on the
current evidence are limited.

5. Adverse events: general - any serious adverse events

Only one trial reported serious adverse events (Freudenreich 2009).
Two serious adverse events occurred in this trial, one in each group.
One participant had worsening psychosis in the placebo group,
and one participant was psychiatrically admitted to the hospital
in the modafinil group (no further details were provided regarding
the reason for hospitalisation). Serious adverse events occurred
in 5.7% of participants in this trial, raising concerns about the
safety of modafinil in people with schizophrenia. However, the
evidence is of poor quality due to the small sample size, imprecise
results, lack of a direction of effect, and short follow-up time.
Furthermore, external validity is limited as the trial was done in a
highly specialised setting. No firm conclusions can be drawn due to
the very low quality of the evidence.

6. Global state: clinically important change in global state - no
improvement

There was no important difference between groups for clinically
important change in global state. However, this result is frail
and is limited in multiple ways. Firstly, the data come from a
small trial with 21 participants and an insufficient follow-up time,
which lasted eight weeks (Pierre 2007). Furthermore, methods
of randomisation, allocation, and blinding were not properly
reported, which limits our ability to draw conclusions with the
available data. Finally, clinicians seem to interpret CGI ratings
on relative change rather than on absolute change of symptoms,
suggesting that the baseline severity of the patient influences the
assigned value by the clinicians (Leucht 2006). Overall, we assessed
the quality of the evidence as very low, with no firm conclusions
drawn given the limiting factors stated above.

7. Quality of life: general

Evidence on quality of life was lacking. Two studies reported data
for this outcome on two different scales, none of which showed
a difference between treatment groups. Results were limited by
small sample size, insufficient follow-up time, and imprecision. The
quality of the evidence is very low, limiting our ability to draw any
conclusions.

8. Service use: hospital admission

Of the seven trials conducted in the outpatient setting, only
Freudenreich 2009 reported hospital admission. There was no
difference between groups for this outcome. In the placebo group,
there was one hospitalisation for appendicitis, and in the modafinil
group, one participant was admitted to a psychiatric hospital.
Also, the external validity of these results is limited, given that
the Freudenreich 2009 trial was performed in a highly specialised
clozapine clinic in Boston, Massachusetts, USA. Regardless, we
assessed the quality of the evidence as very low due to the short

follow-up time and lack of statistical power. Based on the current
evidence, we were unable to draw any firm conclusions.

Overall completeness and applicability of evidence
1. Completeness

Evidence on the use of modafinil is scarce, and the available
evidence comes from only short-term trials. We believe that if the
outcome reporting had been better, the results of this review would
be more comprehensive. We attempted to obtain these data, as
shown in Appendix 1, but only a few authors responded to our
request. This review is yet another reflection of the usefulness of
initiatives such as OpenTrials, where a proposal to publicly publish
the data of the trials is made. Also, we found three cross-over trials
that only reported the results after the cross-over, making the data
unusable for this review. Additionally, publication biasis suspected,
given that we obtained a manuscript that was left unpublished as
it was never accepted for publication (Leblanc 2006). Even though
we were not able to use the data from this trial, the fact that the
manuscript was left unpublished raises suspicion for the possibility
of publication bias.

2. Applicability

Modafinil is a medication that is not commonly used in
schizophrenia, thus most of the trials included in this review are
considered exploratory; this is one explanation for why most of the
trials were based on small sample sizes (38 people per study). The
small sample size of the trials limits confidence in the findings of
this systematic review, and with imprecise results and without trials
of adequate power, the question of whether modafinil might work
for schizophrenia will remain unanswered.

Quality of the evidence

Overall, the quality of the evidence was poor to very poor,
with evidence from only one outcome rated as of moderate
quality (Figure 1). Although all of the studies reported some form
of randomisation, sequence generation and blinding were not
described satisfactorily in most studies. Seven out of 11 trials had
a clinical trial registration, but selective reporting was still an issue
throughout the review, given that more than half of the trials
reported outcomes poorly or in methods that were not imputable
in a meta-analysis. Six of the included trials had industry influence,
but the data did not seem to favour the intervention more than non-
industry funded studies. We included 76 outcomes in this review,
with most of them showing a small effect size and imprecision.

Potential biases in the review process

The data were first extracted by JO and imputed in Review Manager
5. Later, SAC and AOV extracted the data separately and verified that
the data extraction was correct. We are aware that this order may
not have been standard, but we ensured that the data imputed to
Review Manager 5 was verified by the two review authors.

Agreements and disagreements with other studies or
reviews

Rosenthal 2004 and Turner 2004 were the first experimental studies
done on modafinil for people with schizophrenia. They initially
showed promising results for the treatment of fatigue and cognitive
impairment, but the sample sizes were rather small as they were
exploratory studies. Although these two studies were not included
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in this review, we found more recent studies that reported that
some cognitive functions (sensorimotor skills and social cognition)
are improved with the use modafinil and that fatigue is not
improved.

Scoriels 2013 is a systematic review of randomised trials without
meta-analysis, which concluded that modafinil might benefit
working memory. Our results for working memory, coming from
one study (Lees 2017), were that modafinil is no different than
placebo for this outcome. The results differ because the two studies
that provided data for the Scoriels 2013 systematic review were
excluded in our review as they were cross-over trials (Turner 2004;
Scoriels 2011), and data for phase one of the trials were not
available. We did not receive a response to our request for this
information. As stated in our protocol, using endpoint data from
cross-over trials is problematic given the potential for a carry-over
effect.

Andrade 2015 is a systematic review with meta-analysis with a
similar scope to this review. However, it is distinct in multiple
aspects: it combines the studies of modafinil and armodafinil;
it uses a different method for data analysis; and evaluation for
skewed data was not done. Regardless, the results of Andrade 2015
are similar for overall mental state, cognition, and adverse events.
The result for negative symptoms in Andrade 2015 differed that
in our review given the different methods: the authors describe a
"statistically significant reduction in negative symptoms". However,
they recognised that the effect size of this result was small, making
clinical significance questionable.

AUTHORS' CONCLUSIONS

Implications for practice
1. For people with schizophrenia

People with schizophrenia or related disorders usually live with
cognitive or negative symptoms that are not alleviated by
antipsychotics. They should be aware that the evidence we found
is of very low quality and currently shows that adding modafinil to
standard care is no better or worse than for placebo for most of the
outcomes studied.

2. For clinicians

Given the results of this systematic review and the low quality of
the evidence, clinicians who wish to use modafinil for patients with
schizophrenia should understand that the current evidence shows

no real effect and is too weak to support its use. We encourage
clinicians who wish to use modafinil or who have experience
with the use of modafinil in people with schizophrenia or related
disorders to randomise patients to clinical trials.

3. For policymakers

Given the low quality of the evidence and lack of economic and
satisfaction outcomes, the use of modafinil for schizophrenia is not
supported by the current evidence.

Implications for research
1. General

Trial registration and complying with reporting of outcomes should
be done for all trials. Also, we encourage researchers to share
the data from their clinical trials. The data made possible by the
participants of the studies should be made available for good use.

2. Trials

A good argument needs to be provided for doing more clinical
trials on the use of modafinil for schizophrenia. If a clinical trial
is planned, we encourage the use of pragmatic outcomes and
adequate reporting according to the CONSORT statement. Also, the
need for a larger sample is required to improve the quality of the
evidence, or the results might not be sufficiently powered to change
the results of this systematic review.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Arbabi 2012

Methods

Allocation: randomised.
Blindness: double-blind.
Duration: 8 weeks.

Settings: inpatients.
Design: parallel.

Country: Iran.

Study dates: January 2008 to January 2011.

Participants

Diagnosis: schizophrenia (DSM-IV-TR).
N =46.

Age: "34 years.

Sex:31M,11F.

History: minimum score of 60 on the PANSS, length of illness 86 to 96 months.

Interventions

1. Modafinil: modafinil 200 mg (100 mg mid-morning and evening) + risperidone 6 mg/day.
2. Placebo: placebo + risperidone 6 mg/day.

Participants were allowed to take biperiden for the management of extrapyramidal symptoms.

Outcomes

Usable data:

1. Leaving the study early.
2. Adverse event: any adverse event.

3. Specific adverse events: nausea, insomnia, dizziness, headache, tremor, drowsiness, sedation, weight
gain, sexual dysfunction.

Unable to use:

1. Mental state: PANSS (positive, negative, general and total) (skewed data).

2. Adverse effects: extrapyramidal symptoms rating scale (unable to impute data, authors did not re-
spond)

Notes

Iranian Clinical Trials Registry (IRCT138903131556N16).

Funding: Tehran University of Medical Sciences.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were randomized to receive modafinil or placebo in a 1:1 ratio using
a computer-generated code and the randomization was stratified by site."

Allocation concealment Low risk "The assignments were kept in sealed opaque envelopes until data analysis."
(selection bias)
Blinding of participants Low risk "Throughout the study, the person who administered the medications, the

and personnel (perfor-
mance bias)

rater and the patients were blind to assignments."
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Arbabi 2012 (continued)
All outcomes

Blinding of outcome as- Low risk "Throughout the study, the person who administered the medications, the
sessment (detection bias) rater and the patients were blind to assignments."
All outcomes

Incomplete outcome data  Low risk Intention-to-treat analysis was done.
(attrition bias)

All outcomes

Selective reporting (re- Low risk All prespecified outcomes were reported.

porting bias)

Other bias Low risk We found no other bias.

Freudenreich 2009

Methods Allocation: randomised.
Blindness: double-blind.
Duration: 8 weeks.

Settings: outpatients.
Design: parallel.

Country: USA.

Study dates: September 2003 to September 2007.

Participants Diagnosis: schizophrenia or schizoaffective disorder (DSM-1V).
N=37.
Age: "45 years.
Sex:27M,8F.

History: treated with clozapine, length of illness 18 to 20 years.

Interventions 1. Modafinil: modafinil (flexible dose 50 mg to 300 mg) + clozapine.

2. Placebo: placebo + clozapine.

Outcomes Usable data:

1. Mental state: worsening psychosis.
2. Leaving the study early.

3. Adverse effects: requiring discontinuation from the trial, clinically important adverse events (dizzi-
ness, abdominal pain, depression, headache, fatigue).

4. Service utilisation: hospital admission.
Unable to use:

1. Mental state: PANSS, SANS (unable to impute - data were presented in units not usable in a meta-
analysis).

2. Cognitive function: COGBAT (unable to impute - data were presented in units not usable in a meta-
analysis).

3. Adverse effects: movement disorder: ESS, FSS (unable to impute - data were presented in units not
usable in a meta-analysis).
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Freudenreich 2009 (Continued)

Notes Trial registry: NCT00573417.

Funding: Cephalon Inc (modafinil manufacturer).

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk "Randomly assigned." Comment: probably done.

tion (selection bias)

Allocation concealment Unclear risk No information provided.
(selection bias)

Blinding of participants Unclear risk "Double blind" Comment: Probably done.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk "Double blind" Comment: Probably done.
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk 6/18 (33%) in the placebo group did not complete the study.
(attrition bias)
All outcomes
Selective reporting (re- High risk Continuous data were presented as a slope, so we were unable to impute the
porting bias) information in the meta-analysis.
Other bias Low risk We found no other bias.
Kumar 2010
Methods Allocation: randomised.

Blindness: double-blind.
Duration: 9 weeks.

Settings: outpatients.
Design: parallel.

Country: India.

Study dates: October 2007 to October 2008.

Participants Diagnosis: schizophrenia or schizoaffective disorder (DSM-1V).
N =34.
Age: not reported.
Sex: not reported.

History: troublesome drowsiness or hyper-salivation.

Interventions 1. Modafinil: modafinil (100 mg to 200 mg) + clozapine.

2. Placebo: placebo + clozapine.
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Kumar 2010 (Continued)

Outcomes Usable data:

1. Worsening of psychosis.
2. Leaving the study early.
3. Specific adverse event: anxiety, hours of sleep.

Unable to use:

. Adverse event: NHRS (unable to impute - author did not present numeric data).
. PANSS (unable to impute - author did not present numeric data).
. ESS (unable to impute - author did not present numeric data).

. Indian Disability Evaluation Assessment Scale (unable to impute - author did not present numeric
data).

5. CGI (unable to impute - author did not present numeric data).

H oW N =

Notes Trial registry: CTRI/2007/091/000020.

Funding: Fluid Research Fund of CMC Vellore; modafinil and placebo supplied by Sun Pharmaceuticals.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "Offsite computer-generated, variable-block-size randomization."

tion (selection bias)

Allocation concealment Low risk "Pharmacist-dispensed, pre-packed, serially numbered, containers ensured al-
(selection bias) location concealment."

Blinding of participants Low risk "Participant, investigator, observer and data-entry-blinded trial."

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk "Participant, investigator, observer and data-entry-blinded trial."
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk "Imbalance in numbers or reasons for missing data."
(attrition bias)
All outcomes
Selective reporting (re- High risk Outcomes of interest in the review are reported incompletely so that they can-
porting bias) not be entered in a meta-analysis.
Other bias High risk Early stopping of trial without meeting the target population.
Lees 2017
Methods Allocation: randomised.

Blindness: double-blind.
Duration: 4 weeks.

Settings: outpatient.
Design: cross-over.

Country: UK.
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Lees 2017 (Continued)

Study dates: unclear.

Participants Diagnosis: schizophrenia (DSM-IV) and healthy volunteers
N =46 (participants with schizophrenia)
Age: "25 years
Sex: 30 M, 10 F (participants that completed the study).

History: clinically stable in a non-acute phase.

Interventions 1.Modafinil: single-dose modafinil (200 mg) + second-generation antipsychotic.

2. Placebo: placebo + second-generation antipsychotic.

Outcomes Usable data:

1. Cognitive function: MCCB - composite score, speed of processing, attention/vigilance, working mem-
ory, verbal learning, visual learning, reasoning and problem solving, and social cognition.

2. Cognitive function: CANTAB.
Unable to use:

1. Leaving the study early (unclear to which group participants belonged).

Notes Data not presented for phase A of the study, but this information was provided by the author.
Trial registry: ISRCTN66900787.

Funding: EU Innovative Medicines Initiative to the NEWMEDS programme.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk "Carried out via an online system at the King's Clinical Trials Unit, was by min-
tion (selection bias) imisation."

Allocation concealment Low risk "Carried out via an online system at the King's Clinical Trials Unit, was by min-
(selection bias) imisation."

Blinding of participants Low risk "Capsules were supplied in coded bottles containing identical capsules of
and personnel (perfor- modafinil and placebo"

mance bias)

All outcomes

Blinding of outcome as- Low risk "Capsules were supplied in coded bottles containing identical capsules of
sessment (detection bias) modafinil and placebo"

All outcomes

Incomplete outcome data  High risk "Six schizophrenia participants withdrew following randomisation" Comment:
(attrition bias) Unable to obtain the information for this.

All outcomes

Selective reporting (re- Low risk Outcomes of interest in the review were reported in a manner not imputable in
porting bias) a meta-analysis, however data provided by author.
Other bias Low risk We found no other bias.
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Lohr 2013

Methods

Allocation: randomised.
Blindness: double-blind.
Duration: 8 weeks.

Settings: outpatients.
Design: parallel.

Country: USA.

Study dates: unclear.

Participants

Diagnosis: schizophrenia or schizoaffective disorder (DSM-1V).
N=24.

Age: "48 years.

Sex: all male.

Length of illness:

1. Intervention group 1 =14 years.
2. Intervention group 2 =19 years.

Interventions

1. Modafinil: modafinil (50 to 200 mg) + stable dose of a second-generation antipsychotic.

2: Placebo: placebo + stable dose of a second-generation antipsychotic.

Outcomes Usable data:
1. Mental state: PANSS (total and negative) - extracted from a graph.
2. Mental state: worsening of psychosis.
3. Leaving the study early.
Unable to use:
1. Mental state: PANSS (positive) - extracted from a graph (skewed data).
2. Adverse events: SAS - extracted from a graph (skewed data).
3. Adverse events: BARS, ESS, AIMS (not reported).
4. Global: CGI-S (not reported).
Notes Trial registry: NCT00546403.
Funding: Cephalon Inc (modafinil manufacturer).
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "Randomization was stratified by excessive daytime sleepiness (EDS) symp-
tion (selection bias) toms."
Allocation concealment Unclear risk No information provided.

(selection bias)

Blinding of participants
and personnel (perfor-
mance bias)

Unclear risk “Double-blind” Comment: Probably done.
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Lohr 2013 (continued)
All outcomes

Blinding of outcome as- Unclear risk “Double-blind” Comment: Probably done.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants were analysed, only 1 participant left the study early.

(attrition bias)

All outcomes

Selective reporting (re- High risk Outcomes of interest in the review are reported incompletely so that they can-
porting bias) not be entered in a meta-analysis.

Other bias Low risk We found no other bias.

Michalopoulou 2015

Methods Allocation: randomised.
Blindness: double-blind.
Duration: 2 weeks.

Settings: outpatients.
Design: parallel.

Country: UK

Study dates: December 2010 to September 2012.

Participants Diagnosis: schizophrenia (DSM-IV).
N =49.
Age: "36.3 years.
Sex:35M, F13.
Length of illness: "12 years.

History: chronic, clinically stable.

Interventions 1. Modafinil: modafinil 200 mg + antipsychotic treatment + cognitive training (10 days).

2. Placebo: placebo + antipsychotic treatment + cognitive training (10 days).

Outcomes Usable data:

1. Cognitive function: MCCB (composite score, speed of processing, attention/vigilance, working mem-
ory, verbal learning, visual learning, reasoning and problem solving, and social cognition).

2. Leaving the study early.

3. Specific adverse events: nausea, insomnia, dizziness, headache, dry mouth, nervousness, anxiety,
rhinitis, back pain, diarrhoea, dyspepsia, pharyngitis, anorexia, chest pain, hypertension, tachycardia,
palpitations, constipation, flu syndrome.

Unable to use:

1. Mental state: PANSS total, positive, negative, general (skewed data).

Notes Trial registry: ISRCTN60687844.
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Michalopoulou 2015 (continued)

Funding: Innovative Medicines Initiative Joint Undertaking.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "Stratified randomisation was performed for two preselected factors (gender
tion (selection bias) and smoking status) with known effects on cognition."
Allocation concealment Low risk "To ensure concealment of the randomisation assignment, medication was
(selection bias) provided in coded bottles containing identical capsules of active drug or
placebo."
Blinding of participants Low risk "To ensure concealment of the randomisation assignment, medication was
and personnel (perfor- provided in coded bottles containing identical capsules of active drug or
mance bias) placebo."
All outcomes
Blinding of outcome as- Low risk "All raters were blind to treatment assignment."
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Intention-to-treat analysis using mixed-effect models.
(attrition bias)
All outcomes
Selective reporting (re- Low risk All prespecified outcomes were reported.
porting bias)
Other bias Low risk We found no other bias.
Pierre 2007
Methods Allocation: randomised.

Blindness: double-blind.

Duration: 8 weeks.

Settings: outpatients.
Design: parallel.

Country: USA.

Study dates: March 2002 to March 2006.

Participants

Diagnosis: schizophrenia or schizoaffective disorder (DSM-1V).

N=21.

Age: "49 years.

Sex: 19 M, 1 F (only participants who were analysed).

History: prominent negative symptoms as defined by a scale for the assessment of negative symptoms

total score > 20.

Interventions

1. Modafinil: modafinil (flexible dose 100 mg to 200 mg) + antipsychotic medication + 60% were taking

an antidepressant.
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Pierre 2007 (Continued)

2. Placebo: placebo + antipsychotic medication + 60% were taking an antidepressant.

Outcomes Usable data:
1. Mental state: SANS total.
2. Mental state: BPRS total.
3. Mental state: worsening psychosis.
4. Cogpnitive function: delayed stimulus-continuous performance test.
5. Leaving the study early.
6. Adverse event: clinically important adverse events (irritability, insomnia, infection, oedema, tinnitus,
bitter taste).
7. Global: no clinically important change in global state.
8. Global: CGI-Severity.
9. Global: CGI-Improvement.
10.Adverse events: weight (kg) and sleep hours at night.
11.Quality of life: QOLI.
Unable to use:
1. Cognitive function: California verbal learning test (CVLT) (skewed data).
2. Cognitive function: trail making test (TMT) (skewed data).
Notes Funding: Stanley Research Foundation and West Coast College of Biological Psychiatry/Janssen.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk "Randomly assigned" Comment: Probably done.
tion (selection bias)
Allocation concealment Unclear risk No information provided.
(selection bias)
Blinding of participants Unclear risk “Double blind assessments were performed” Comment: Probably done.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk “Double blind assessments were performed” Comment: Probably done.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Last observation carried forward used for analysis.
(attrition bias)
All outcomes
Selective reporting (re- Low risk Outcomes reported in the protocol were addressed in the results.
porting bias)
Other bias Low risk We found no other bias.
Prasuna 2015
Methods Allocation: randomised.
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Prasuna 2015 (Continued)

Blindness: double-blind.
Duration: 12 weeks.

Settings: unclear.
Design: parallel.

Country: India.

Study dates: Unclear.

Participants

Diagnosis: individuals who were on atypical antipsychotics for less than 2 weeks, irrespective of diag-
nosis (> 60% of patients with a schizophrenia spectrum disorder).

N =72 (36 with schizophrenia, 2 with delusional disorder, 3 with acute psychosis, 7 with psychotic de-
pression, 15 mania with psychosis).

Age: unclear.
Sex: 31 M, 32 F (only participants who finished the study).

History: unclear.

Interventions

1. Modafinil: modafinil (dose 200 mg) + atypical antipsychotic medication.

2. Placebo: placebo + atypical antipsychotic medication.

Outcomes Usable data
1. Mental state: worsening psychosis.
2. Leaving the study early and leaving the study early due to an adverse event.
Unable to use:
1. Mental state: BPRS (unable to impute - author did not present numeric data).
2. Global state: CGI (unable to impute - author did not present numeric data).
3. Adverse events: ESS (unable to impute - author did not present numeric data).
4. List of adverse events (unable to impute - author did not present numeric data).
Notes Funding: Sun Pharmaceuticals.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "Randomization was done centrally, by an outside agency."
tion (selection bias)
Allocation concealment Low risk "Randomization was done centrally, by an outside agency."
(selection bias)
Blinding of participants Low risk "Similar looking placebo capsules."
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk "Similar looking placebo capsules."
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 12.5% (9/72) of participants left the study early, no information on the type of

(attrition bias)

analysis done.
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Prasuna 2015 (Continued)
All outcomes

Selective reporting (re- High risk Data presented in a method not imputable in a meta-analysis.
porting bias)
Other bias Low risk We found no other bias.
Sevy 2005
Methods Allocation: randomised.

Blindness: double-blind.
Duration: 8 weeks.

Settings: outpatients.
Design: parallel.

Country: USA.

Study dates: 18 May 2001 to 11 September 2003.

Participants

Diagnosis: schizophrenia or schizoaffective disorder (DSM-1V).
N=24.

Age: "38 years.

Sex: 10 M, 14 F.

History: moderately ill (CGI-S = 4).

Interventions

1. Modafinil: modafinil (dose 100 mg to 200 mg) + atypical antipsychotic medication.

2: Placebo: placebo + atypical antipsychotic medication.

Outcomes Usable data:
1. Mental state: BPRS (total).
2. Mental state: worsening psychosis.
3. Cognitive function: COWAT, ODRT, CPT-IP, RAVL (immediate recall and delayed recall).
4. Leaving the study early.
Unable to use:
1. Mental state: SANS total (only reported subgroups, need total).
2. Cognitive function: DMST (skewed data).
3. Specific adverse event: only reported for the modafinil group.
4. Adverse event: fatigue, measured with CGI-l and fatigue severity scale (skewed data).
5. Adverse events: SAS (skewed data).
Notes Funding: Cephalon Inc (modafinil manufacturer).
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Randomly assigned” Comment: Probably done.
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Sevy 2005 (Continued)

Allocation concealment Unclear risk No information.

(selection bias)

Blinding of participants Unclear risk “Double blind” Comment: Probably done.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk “Double blind” Comment: Probably done.

sessment (detection bias)
All outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk “Intention-to-treat analyses that included all randomised subjects.

Selective reporting (re- High risk Adverse events only reported for the modafinil group.
porting bias)
Other bias Low risk We found no other bias.
Shafti 2016
Methods Allocation: randomised.

Blindness: double-blind.
Duration: 8 weeks.

Settings: inpatients.
Design: parallel.

Country: Iran.

Study dates: unclear.

Participants

Diagnosis: schizophrenia (DSM-V).
N =50.

Age: "40 years.

Sex: male.

Length of illness: "12 years.

History: chronic, high negative symptoms score.

Interventions

1. Modafinil: modafinil 200 mg + haloperidol (5 to 10 mg).

2. Placebo: placebo + haloperidol (5 to 10 mg).

Outcomes

Usable data:

Mental state: SAPS.
Mental state: SANS.
Leaving the study early.
Global state: CGI-S.
Quiality of life: PGWBI.

SN A

Mental state: no clinically important response in negative symptoms.
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Shafti 2016 (continued)

7. Behaviour: NOSIE.

Unable to use:

1. Adverse events: SAS (skewed data).
Not used in this review:

1. Mental state: negative symptoms response: affective blunting, avolition-apathy, anhedonia-asociali-
ty; attention deficit (see Data collection and analysis, Section 2.2 Scale-derived data).

2. Schedule for assessment of insight.

Notes No clinical trial registry.
Funding: unclear.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk “Randomly allocated.”
tion (selection bias)
Allocation concealment Unclear risk No information provided.
(selection bias)
Blinding of participants Low risk "The placebo and modafinil tablets had the same shape and color to make it
and personnel (perfor- difficult for the patients and the physician to differentiate them from each oth-
mance bias) er."
All outcomes
Blinding of outcome as- Low risk "The placebo and modafinil tablets had the same shape and color to make it
sessment (detection bias) difficult for the patients and the physician to differentiate them from each oth-
All outcomes er."
Incomplete outcome data  Low risk "While patients were free to withdraw from the study at any stage without
(attrition bias) prejudice, there was no dropout in the course of the evaluation in any of the
All outcomes groups."
Selective reporting (re- Low risk Outcomes reported in the methods section are adequately reported in the re-
porting bias) sults.
Other bias Low risk We found no other bias.
Spence 2005
Methods Allocation: randomised.

Blindness: double-blind.
Duration: 1 week.

Settings: inpatient (admitted for 24 hours observation)
Design: cross-over.

Country: UK.

Study dates: unclear.

Participants

Diagnosis: schizophrenia (DSM-IV).
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Spence 2005 (Continued)

N=19.

Age: "37 years.

Sex: all males.

Length of illness: "14 years.

History: prominent negative symptomatology.

Interventions 1. Modafinil: single-dose modafinil 100 mg + "most patients were receiving oral antipsychotics".

2: Placebo: placebo + "most patients were receiving oral antipsychotics".

Outcomes Usable data:

1. Relapse.
2. Leaving the study early.

Not used in this review:

1. Difference in FMRI signal.

Notes Trial registry: ISRCTN54567688.

Funding: "Investigator-led award".

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Randomisation, performed by a pharmacist (not a member of the research

tion (selection bias) team), was achieved by drawing labelled counters; this ensured that approxi-
mately equivalent numbers of patients received modafinil and placebo on day
1, and vice versa on day 2."

Allocation concealment Unclear risk No information.

(selection bias)

Blinding of participants Unclear risk “Double blind” Comment: Probably done.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk “Double blind” Comment: Probably done.

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Missing data would not have impacted the data extracted for this meta-analy-
(attrition bias) sis.
All outcomes

Selective reporting (re- Low risk Outcomes reported in the protocol were reported in the report.
porting bias)

Other bias Low risk None detected.

General
F =females.
M =males.
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N = number.

SD = standard deviation.

Cognitive scales

COGBAT = Cognitive Basic Assessment.

CANTAB = Cambridge Neuropsychological Test Automated Battery.
COWAT = Controlled word association test.

CPT-IP = Continuous performance test-identical pair.

CVLT = California verbal learning test

DMST = Delayed match to sample task.

MATRICS = Measurement and Treatment Research to Improve Cognition in Schizophrenia.
MCCB = MATRICS Consensus Cognitive Battery.

ODRT = Oculomotor delayed response test.

TMT = Trail Making Test

RAVL = Rey auditory verbal learning test.

Quality of life scales

PGWBI = Psychological General Well-Being Index.

QOLI = Quality of Life Interview.

Mental state scales

BPRS = Brief Psychiatric Rating Scale.

CGI = Clinical Global Impression

CGI-I =Clinical Global Impression - Improvement Scale.

CGI-S = Clinical Global Impression - Severity Scale.

NOSIE = Nurses' Observation Scale for Inpatient Evaluation.
PANSS = Positive and Negative Syndrome Scale.

SANS = Scale for the Assessment of Negative Symptoms.

SAPS = Scale for the Assessment of Positive Symptoms.

Other

DSM = Diagnostic and Statistical Manual of Mental Disorders.
DSM-IV-TR = Diagnostic and Statistical Manual, Fourth edition, Text Revision.
FMRI = Functional magnetic resonance imaging.

UPSA-B = University of California San Diego (UCSD) Performance-based Skills Assessment-Brief.

Side effect scales

AIMS = Abnormal Involuntary Movement Scale.

BARS = Barnes Akathisia Rating Scale.

DAl = Drug Attitude Inventory.

DSM = Diagnostic and Statistical Manual of Mental Disorders.
ESS = Epworth Sleepiness Scale.

ESRS = Extrapyramidal Symptom Rating Scale.

FSS = Fatigue Severity Scale.

NHRS = Nocturnal Hyper-salivation Rating Scale.

PANSS = Positive and Negative Syndrome Scale.

SAS = Simpson-Angus Scale.

SOFAS = Social and Occupational Functioning Assessment Scale.
UKU = Udvalg for Kliniske Undersggelser.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Kane 2008 Allocation: randomised.

Participants: people with schizophrenia.
Interventions: armodafinil versus placebo, not modafinil.

Leblanc 2006 Allocation: randomised.
Participants: people with schizophrenia spectrum disorder.
Interventions: modafinil + second-generation antipsychotic vs placebo + second-generation an-
tipsychotic.
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Study Reason for exclusion

Reason for exclusion: unable to use data - we contacted the authors as the data should have been
useful but was reported in a method not imputable in a meta-analysis. We received no response.

Minzenberg 2007 Allocation: randomised cross-over trial.
Participants: people with clinically stable chronic schizophrenia.

Interventions: modafinil vs placebo.
Outcomes: imaging outcomes (FMRI), not protocol outcome.

Minzenberg 2010a Allocation: intra-participant dose randomisation.

Participants: people with schizophrenia.

Interventions: modafinil vs different doses of modafinil.

Outcomes: performance on measures of working memory, episodic memory, and cognitive con-
trol, not protocol outcomes.

Minzenberg 2010b Allocation: randomised.

Participants: people with schizophrenia.
Interventions: modafinil vs placebo.
Outcome: imaging results (FMRI), not protocol outcome.

NCT00057707 Allocation: randomised.

Participants: people with schizophrenia and healthy volunteers.
Interventions: modafinil vs placebo.
Outcome: connectivity of brain regions underlying working memory, not protocol outcome.

NCT00373672 Allocation: randomised.

Participants: people with schizophrenia.
Interventions: armodafinil versus placebo, not modafinil.

NCT00423943 Allocation: randomised.
Participants: people with schizophrenia.
Interventions: modafinil vs placebo.
Outcomes: EEG and prepotency task, not protocol outcomes.

NCT00487942 Allocation: randomised.

Participants: people with schizophrenia.
Interventions: armodafinil versus placebo, not modafinil.

NCT00772005 Allocation: randomised.

Participants: people with schizophrenia.
Interventions: armodafinil versus placebo, not modafinil.

Scoriels 2011 Allocation: randomised.
Participants: people with first-episode psychosis (Melbourne criteria).

Interventions: modafinil + second-generation antipsychotic vs placebo + second-generation an-
tipsychotic.

Reason for exclusion: no usable data. Cross-over trial, data were not presented for phase A of the
study, see protocol.

Turner 2004 Allocation: randomised.
Participants: people with schizophrenia (DSM-IV).
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Study

Reason for exclusion

Interventions: single-dose modafinil 200 mg + antipsychotics vs single-dose placebo (lactose) +

antipsychotic.

Reason for exclusion: no usable data. Cross-over trial, data were not presented for phase A of the
study, see protocol.

DSM = Diagnostic and Statistical Manual of Mental Disorders.

EEG = electroencephalogram
FMRI = Functional magnetic resonance imaging

DATA AND ANALYSES

Comparison 1. Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all short term

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 Mental state: 1a. Overall: clinically important 6 209 Risk Ratio (M-H, Random, 95% Cl) 0.91[0.28, 2.98]
change - worsening psychosis
2 Mental state: 1b. Overall: average total score 2 40 Mean Difference (IV, Random, 95%  -0.66 [-5.65, 4.32]
(BPRS, endpoint, high = poor) Cl)
3 Mental state: 1c. Overall: average total score 1 24 Mean Difference (IV, Random, 95%  2.20[-9.56,
(PANSS, endpoint, high = poor) Cl) 13.96]
4 Mental state: 1d. Overall: average total score Other data No numeric data
(PANSS, endpoint, high = poor, skewed data)
5 Mental state: 2a. Specific: positive symptoms: 1 50 Mean Difference (IV, Random, 95%  1.45[-1.38,4.28]
i. average score - short term (SAPS, endpoint, Cl)
high = poor)
6 Mental state: 2b. Specific: positive symptoms: Other data No numeric data
ii. average score - short term (PANSS scale,
endpoint, high = poor, skewed data)
7 Mental state: 3a. Specific: negative symptoms 1 50 Risk Ratio (M-H, Random, 95% Cl) 2.33[1.07,5.09]
- clinically important change (improvement) (>
20% reduction SANS)
8 Mental state: 3b. Specific: negative symp- 1 24 Mean Difference (IV, Random, 95%  -1.30[-5.15, 2.55]
toms: i. average score - short term (PANSS, Cl)
endpoint, high = poor)
9 Mental state: 3c. Specific: negative symp- 2 70 Mean Difference (IV, Random, 95%  -2.01[-4.23,0.21]

toms: ii. average score (SANS, endpoint, high =
poor)

Cl)

10 Mental state: 3d. Specific: negative symp-
toms: iii. average score - short term (PANSS,
endpoint, high = poor, skewed data)

Other data

No numeric data
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

11 Cognitive function: 1a. Overall: average 1 40 Mean Difference (IV, Random, 95%  7.93[-0.57,
score: i. single dose (MCCB composite score, Cl) 16.43]
endpoint, high = good)
12 Cognitive function: 1b. Overall: average 1 48 Mean Difference (IV, Random, 95%  -3.10[-10.90,
score: ii. short term (MCCB composite score, Cl) 4.70]
endpoint, high = good)
13 Adverse event/effect(s): 1a. General: anyad- 1 46 Risk Ratio (M-H, Random, 95% Cl) 1.0[0.92, 1.09]
verse event
14 Adverse event/effect(s): 1b. General: anyse- 1 35 Risk Ratio (M-H, Random, 95% Cl) 0.84[0.06, 12.42]
rious adverse event
15 Adverse event/effect(s): 2. Specific - cardio- 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
vascular
15.1 Chest pain 1 48 Risk Ratio (M-H, Random, 95% Cl) 1.0[0.07, 15.08]
15.2 Hypertension 1 48 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.13,70.16]
15.3 Palpitations 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.33[0.01, 7.80]
15.4 Tachycardia 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.33[0.01, 7.80]
16 Adverse event/effect(s): 3. Specific - gas- 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
trointestinal
16.1 Abdominal pain 1 35 Risk Ratio (M-H, Random, 95% Cl) 0.42[0.04, 4.23]
16.2 Bitter taste 1 20 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.14, 65.90]
16.3 Constipation 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.33[0.01, 7.80]
16.4 Diarrhoea 1 48 Risk Ratio (M-H, Random, 95% Cl) 2.0[0.19,20.61]
16.5 Dyspepsia 1 48 Risk Ratio (M-H, Random, 95% Cl) 2.0[0.19,20.61]
16.6 Nausea 2 94 Risk Ratio (M-H, Random, 95% Cl) 1.14[0.48,2.73]
17 Adverse event/effect(s): 4. Specific - infec- 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
tious
17.1 Flu syndrome 1 48 Risk Ratio (M-H, Random, 95% Cl) 4.0[0.48, 33.22]
17.2 Pharyngitis 1 48 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.13,70.16]
17.3 Rhinitis 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.75[0.19, 3.00]

18 Adverse event/effect(s): 5. Specific - move-
ment disorder - average score (SAS, endpoint,
high = poor, skewed data)

Other data

No numeric data
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
19 Adverse event/effect(s): 6. Specific- muscu- 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
loskeletal
19.1 Back pain 1 48 Risk Ratio (M-H, Random, 95% Cl) 2.0[0.19,20.61]
20 Adverse event/effect(s): 7. Specific - neuro- 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
logical
20.1 Dizziness 3 129 Risk Ratio (M-H, Random, 95% Cl) 1.41[0.65, 3.05]
20.2 Fatigue 1 35 Risk Ratio (M-H, Random, 95% Cl) 5.95[0.33,
107.25]
20.3 Headache 3 129 Risk Ratio (M-H, Random, 95% Cl) 2.11[0.97, 4.62]
20.4 Sedation 1 46 Risk Ratio (M-H, Random, 95% Cl) 0.6[0.16,2.22]
20.5 Tinnitus 1 20 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.14, 65.90]
20.6 Tremor 1 46 Risk Ratio (M-H, Random, 95% Cl) 2.0[0.41,9.87]
21 Adverse event/effect(s): 8. Specific - psychi- 5 Risk Ratio (M-H, Random, 95% CI) Subtotals only
atric
21.1 Anxiety 2 82 Risk Ratio (M-H, Random, 95% Cl) 2.23[0.54,9.26]
21.2 Depression 1 35 Risk Ratio (M-H, Random, 95% Cl) 1.68[0.17,16.91]
21.3 Insomnia 3 114 Risk Ratio (M-H, Random, 95% Cl) 1.16[0.49, 2.74]
21.4 Irritability 1 20 Risk Ratio (M-H, Random, 95% Cl) 0.2 [0.01,3.70]
21.5 Nervousness 1 48 Risk Ratio (M-H, Random, 95% Cl) 9.00[0.51,
158.52]
22 Adverse event/effect(s): 9. Specific - various 3 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
other effects
22.1 Anorexia 1 48 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.13,70.16]
22.2 Oedema 1 20 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.14, 65.90]
22.3 Sexual dysfunction 1 46 Risk Ratio (M-H, Random, 95% Cl) 1.0[0.15, 6.51]
22.4 Weight gain 1 46 Risk Ratio (M-H, Random, 95% Cl) 0.5[0.10, 2.47]
23 Adverse event/effect(s): 10. Specific - sleep- 1 70 Mean Difference (IV, Random, 95%  0.80 [-0.03, 1.63]
average hours of sleep at endpoint Cl)
24 Adverse event/effect(s): 11. Specific: weight 1 20 Mean Difference (IV, Random,95%  4.63[-9.75,
- average weight in kilograms at endpoint Cl) 19.01]
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25 Adverse event/effect(s): 12a. Specific: fa- Other data No numeric data
tigue: i. average scores (CGl-I, endpoint, high =
poor, skewed data)
26 Adverse event/effect(s): 12b. Specific: fa- Other data No numeric data
tigue: ii. average scores (FSS, endpoint, high =
poor, skewed data)
27 Behaviour: average total score (NOSIE,end- 1 50 Mean Difference (IV, Random, 95%  -1.72[-7.25, 3.81]
point, high = poor) Cl)
28 Global state: 1. Clinically important change 1 21 Risk Ratio (M-H, Random, 95% Cl) 6.36 [0.94, 43.07]
in global state - no improvement (CGl = 4)
29 Global state: 2. Relapse - single dose 1 17 Risk Ratio (M-H, Random, 95% Cl) 2.7[0.13,58.24]
30 Global state: 3a. Average total score (CGI-I 2 40 Mean Difference (IV, Random, 95%  -0.46 [-1.34, 0.42]
scale, endpoint, high = poor) Cl)
31 Global state: 3b. Average total score (CGI-S 2 70 Mean Difference (IV, Random, 95%  -0.24 [-0.63, 0.15]
scale, endpoint, high = poor) Cl)
32 Leaving the study early: 1a. Any reason 9 357 Risk Ratio (M-H, Random, 95% Cl) 1.26[0.63,2.52]
33 Leaving the study early: 1b. Any reason - sin- 1 17 Risk Ratio (M-H, Random, 95% Cl) 2.7[0.13,58.24]
gle dose
34 Leaving the study early: 2. Due to adverse 2 109 Risk Ratio (M-H, Random, 95% Cl) 1.08[0.05, 22.20]
event
35 Quality of life: 1a. General: i. average total 1 20 Mean Difference (IV, Random,95%  -0.20[-1.18,0.78]
score (QOLI, endpoint, high = good) Cl)
36 Quality of life: 1b. General: ii. average total 1 50 Mean Difference (IV, Random,95%  -0.68 [-5.52, 4.16]
score (PGWBI, endpoint, high = good) Cl)
37 Service use: hospital admission 1 35 Risk Ratio (M-H, Random, 95% Cl) 0.84[0.06, 12.42]
38 SENSITIVITY ANALYSIS: Mental state: overall 5 137 Risk Ratio (M-H, Random, 95% Cl) 0.77[0.21,2.77]

- worsening psychosis - TRIAL WITH PARTICI-
PANTS WITH AFFECTIVE PSYCHOSES

Analysis 1.1. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
all short term, Outcome 1 Mental state: 1a. Overall: clinically important change - worsening psychosis.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Freudenreich 2009 0/19 1/16 14.32% 0.28[0.01,6.51]
Kumar 2010 1/16 0/18 14.33% 3.35[0.15,76.93]
Lohr 2013 0/12 1/12 14.58% 0.33[0.01,7.45]

Favours modafinil

0.01

0.1

1 10 100

Favours control
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Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Pierre 2007 1/10 2/10 — & 28.17% 0.5[0.05,4.67]
Prasuna 2015 1/39 0/33 + 14.02% 2.55[0.11,60.57]
Sevy 2005 1/13 0/11 + 14.58% 2.57[0.12,57.44]
Total (95% CI) 109 100 i 100% 0.91[0.28,2.98]

Total events: 4 (Modafinil), 4 (Control)
Heterogeneity: Tau?=0; Chi?=2.71, df=5(P=0.74); 1>=0%
Test for overall effect: Z=0.15(P=0.88)

Favours modafinil ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.2. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
all short term, Outcome 2 Mental state: 1b. Overall: average total score (BPRS, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Pierre 2007 10 34.4(7) 10 37.8(4.2) —.+ 46.29% -3.4[-8.46,1.66]
Sevy 2005 10 25 (4) 10 23.3(5.6) -' 53.71% 1.7[-2.57,5.97]
Total *** 20 20 * 100% -0.66[-5.65,4.32]
Heterogeneity: Tau?=7.3; Chi*=2.28, df=1(P=0.13); 1*=56.17% ‘
Test for overall effect: Z=0.26(P=0.79) ‘

Favours modafinil ~ -50 -25 0 25 50 Favours control

Analysis 1.3. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
all short term, Outcome 3 Mental state: 1c. Overall: average total score (PANSS, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Lohr 2013 12 732(13.9) 2 71(15.5) —.— 100% 2.2[-9.56,13.96]
Total *** 12 12 # 100% 2.2[-9.56,13.96]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.37(P=0.71) ‘
Favours modafinil 50 -25 0 25 50 Favours control

Analysis 1.4. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all short
term, Outcome 4 Mental state: 1d. Overall: average total score (PANSS, endpoint, high = poor, skewed data).

Mental state: 1d. Overall: average total score (PANSS, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Arbabi 2012 56.47 13.47 22 66.52 10.7 20
Michalopoulou 2015 55.2 11.9 19 53.3 13.3 22
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Analysis 1.5. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all short term,
Outcome 5 Mental state: 2a. Specific: positive symptoms: i. average score - short term (SAPS, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Shafti 2016 25 63.7 (4.1) 25 62.3(6) = 100% 1.45[-1.38,4.28]
Total *** 25 25 —~l— 100% 1.45[-1.38,4.28]
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)
Favours modafinil ~ -10 S 0 5 10 Favours control

Analysis 1.6. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 6 Mental state: 2b. Specific: positive symptoms:
ii. average score - short term (PANSS scale, endpoint, high = poor, skewed data).

Mental state: 2b. Specific: positive symptoms: ii. average score - short term (PANSS scale, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Arbabi 2012 11.86 577 22 14.34 4.54 20
Lohr 2013 15.7 4.8 12 14.5 4.8 12
Michalopoulou 2015 12.1 3.3 19 12.5 4.7 22

Analysis 1.7. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 7 Mental state: 3a. Specific: negative
symptoms - clinically important change (improvement) (> 20% reduction SANS).

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Shafti 2016 14/25 6/25 e 100% 2.33[1.07,5.09]
Total (95% CI) 25 25 - 100% 2.33[1.07,5.09]

Total events: 14 (Modafinil), 6 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.13(P=0.03)

Favours control ~ 0-01 0.1 1 10 100 Favours modafinil

Analysis 1.8. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo
(+ usual antipsychetic) - all short term, Outcome 8 Mental state: 3b. Specific:
negative symptoms: i. average score - short term (PANSS, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Lohr2013 12 22.2 (4.5) 12 23.5(5.1) . 100% -1.3[-5.15,2.55]
Total *** 12 12 # 100% -1.3[-5.15,2.55]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.66(P=0.51) ‘

Favours modafinil 50 -25 0 25 50 Favours control
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Analysis 1.9. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all short
term, Outcome 9 Mental state: 3c. Specific: negative symptoms: ii. average score (SANS, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Pierre 2007 10 36 (7.7) 10 36.1(7.7) 10.8% -0.1[-6.85,6.65]
Shafti 2016 25 431(35) 25 45.4(49) ——— 89.2% -2.24[-4.59,0.11]
Total *** 35 35 - 100% -2.01[-4.23,0.21]
Heterogeneity: Tau?=0; Chi*=0.34, df=1(P=0.56); 1>=0%
Test for overall effect: Z=1.78(P=0.08) ‘ ‘ ‘ ‘

Favours modafinil ~ -10 S 0 5 10 Favours control

Analysis 1.10. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 10 Mental state: 3d. Specific: negative
symptoms: iii. average score - short term (PANSS, endpoint, high = poor, skewed data).

Mental state: 3d. Specific: negative symptoms: iii. average score - short term (PANSS, endpoint, high = poor, skewed data)
Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Arbabi 2012 15.13 4.3 22 18.73 411 22

Analysis 1.11. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 11 Cognitive function: 1a. Overall:
average score: i. single dose (MCCB composite score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Lees 2017 23 37.7(1L.7) 17 29.8 (14.8) . 100% 7.93[-0.57,16.43]
Total *** 23 17 " 100% 7.93[-0.57,16.43]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.83(P=0.07) ‘
Favours control ~ -100 -50 0 50 100 Favours modafinil

Analysis 1.12. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 12 Cognitive function: 1b. Overall:
average score: ii. short term (MCCB composite score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Michalopoulou 2015 24 29.7(15.3) 24 32.8(12.1) . 100% 3.1[-10.9,4.7]
Total *** 24 24 * 100% -3.1[-10.9,4.7]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.78(P=0.44) ‘

Favours control ~ -100 -50 0 50 100 Favours modafinil
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Analysis 1.13. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 13 Adverse event/effect(s): 1a. General: any adverse event.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

Arbabi 2012 23/23 23/23 .— 100% 1[0.92,1.09]
Total (95% Cl) 23 23 ¢ 100% 1[0.92,1.09]
Total events: 23 (Modafinil), 23 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Not applicable ‘

Favours Modafinil ~ 0-5 0.7 1 15 2 Favours control

Analysis 1.14. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- all short term, Outcome 14 Adverse event/effect(s): 1b. General: any serious adverse event.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Freudenreich 2009 1/19 1/16 e 100% 0.84[0.06,12.42]
Total (95% ClI) 19 16 ¢ 100% 0.84[0.06,12.42]
Total events: 1 (Modafinil), 1 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.13(P=0.9) ‘

Favours modafinil 001 0.1 1 10 100 Favours control

Analysis 1.15. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 15 Adverse event/effect(s): 2. Specific - cardiovascular.

Modafinil Control Risk Ratio
n/N n/N M-H, Random, 95% CI

Study or subgroup

Risk Ratio
M-H, Random, 95% Cl

Weight

1.15.1 Chest pain ‘
Michalopoulou 2015 1/24 1/24 .

Subtotal (95% CI) 24 24 ———

Total events: 1 (Modafinil), 1 (Control)

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.15.2 Hypertension

Michalopoulou 2015 1/24 0/24
Subtotal (95% Cl) 24 24
Total events: 1 (Modafinil), 0 (Control)

Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)

1.15.3 Palpitations
Michalopoulou 2015

0/24 1/24

100%
100%

1[0.07,15.08]
1[0.07,15.08]

100%
100%

3[0.13,70.16]
3[0.13,70.16]

100% 0.33[0.01,7.8]

Favours modafinil ~ 0-01 0.1 1 10 100

Favours control
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Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% CI) 24 2 ————— 100% 0.33[0.01,7.8]
Total events: 0 (Modafinil), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)
1.15.4 Tachycardia
Michalopoulou 2015 0/24 1/24 . 100% 0.33[0.01,7.8]
Subtotal (95% Cl) 24 24  ——ee— 100% 0.33[0.01,7.8]
Total events: 0 (Modafinil), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)
Test for subgroup differences: Chi*=1.29, df=1 (P=0.73), 1>=0% ‘ ‘ ‘ ‘
Favours modafinil  0.01 0.1 1 10 100 Favours control

Analysis 1.16. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 16 Adverse event/effect(s): 3. Specific - gastrointestinal.

Modafinil
n/N

Study or subgroup

Control
n/N

Risk Ratio
M-H, Random, 95% CI

Weight

Risk Ratio
M-H, Random, 95% CI

1.16.1 Abdominal pain

Freudenreich 2009 1/19
Subtotal (95% ClI) 19
Total events: 1 (Modafinil), 2 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.74(P=0.46)

1.16.2 Bitter taste

Pierre 2007 1/10
Subtotal (95% Cl) 10
Total events: 1 (Modafinil), 0 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.7(P=0.49)

1.16.3 Constipation

Michalopoulou 2015 0/24
Subtotal (95% Cl) 24
Total events: 0 (Modafinil), 1 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.68(P=0.49)

1.16.4 Diarrhoea

Michalopoulou 2015 2/24
Subtotal (95% Cl) 24
Total events: 2 (Modafinil), 1 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.58(P=0.56)

1.16.5 Dyspepsia

Michalopoulou 2015 2/24

2/16
16

0/10
10

1/24
24

1/24
24

1/24

_.__

e
H
e
i
e

|

100%
100%

100%
100%

100%
100%

100%
100%

100%

0.42[0.04,4.23]
0.42[0.04,4.23]

3[0.14,65.9]
3[0.14,65.9]

0.33[0.01,7.8]
0.33[0.01,7.8]

2[0.19,20.61]
2[0.19,20.61]

2[0.19,20.61]

Favours modafinil

0.01 0.1 1 10 100

Favours control
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Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Subtotal (95% ClI) 24 24 e — 100% 2[0.19,20.61]

Total events: 2 (Modafinil), 1 (Control)

Heterogeneity: Not applicable
Test for overall effect: Z=0.58(P=0.56)

1.16.6 Nausea

Arbabi 2012 6/23 4/23 —l— 60.26% 1.5[0.49,4.62]
Michalopoulou 2015 3/24 4/24 —— 39.74% 0.75[0.19,3]
Subtotal (95% CI) 47 47 e 100% 1.14[0.48,2.73]
Total events: 9 (Modafinil), 8 (Control)
Heterogeneity: Tau?=0; Chi*=0.58, df=1(P=0.45); 1>=0%
Test for overall effect: Z=0.29(P=0.77)
Test for subgroup differences: Chi*=2.12, df=1 (P=0.83), 1>=0% ‘ ‘ ‘ ‘

Favours modafinil  0.01 0.1 1 10 100 Favours control

Analysis 1.17. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 17 Adverse event/effect(s): 4. Specific - infectious.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.17.1 Flu syndrome
Michalopoulou 2015 4/24 1/24 ——.— 100% 4[0.48,33.22]
Subtotal (95% ClI) 24 24 e 100% 4[0.48,33.22]
Total events: 4 (Modafinil), 1 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=1.28(P=0.2)

1.17.2 Pharyngitis
Michalopoulou 2015 1/24 0/24 . 100% 3[0.13,70.16]
Subtotal (95% CI) 24 24 e — 100% 3[0.13,70.16]

Total events: 1 (Modafinil), 0 (Control)

Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)

1.17.3 Rhinitis
Michalopoulou 2015 3/24 4/24 —.— 100% 0.75[0.19,3]
Subtotal (95% Cl) 24 24 i 100% 0.75[0.19,3]
Total events: 3 (Modafinil), 4 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.41(P=0.68)

Test for subgroup differences: Chi*=1.95, df=1 (P=0.38), 1>=0%

Favours modafinil 001 0.1 1 10 100 Favours control
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Analysis 1.18. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 18 Adverse event/effect(s): 5. Specific
- movement disorder - average score (SAS, endpoint, high = poor, skewed data).

Adverse event/effect(s): 5. Specific - movement disorder - average score (SAS, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Lohr2013 4.1 3.46 5.3 4.5 12
Sevy 2005 0.3 0.7 0.6 11 10
Shafti 2016 5.71 3.39 5.98 4.01 25

Analysis 1.19. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 19 Adverse event/effect(s): 6. Specific - musculoskeletal.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.19.1 Back pain
Michalopoulou 2015 2124 124 B 100% 2[0.19,20.61]
Subtotal (95% Cl) 24 24 ——e 100% 2[0.19,20.61]
Total events: 2 (Modafinil), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.58(P=0.56)

Favours modafinil  0-01 0.1 1 10 100 Favours control

Analysis 1.20. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 20 Adverse event/effect(s): 7. Specific - neurological.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.20.1 Dizziness
Arbabi 2012 5/23 3/23 — 35.17% 1.67[0.45,6.17]
Freudenreich 2009 2/19 2/16 D 17.74% 0.84[0.13,5.32]
Michalopoulou 2015 6/24 4/24 —— 47.09% 1.5[0.48,4.65]
Subtotal (95% CI) 66 63 P 100% 1.41[0.65,3.05]
Total events: 13 (Modafinil), 9 (Control)
Heterogeneity: Tau?=0; Chi*=0.37, df=2(P=0.83); 1>=0%
Test for overall effect: Z=0.86(P=0.39)
1.20.2 Fatigue
Freudenreich 2009 3/19 0/16 ——.—’ 100% 5.95[0.33,107.25]
Subtotal (95% CI) 19 16 e — 100% 5.95[0.33,107.25]
Total events: 3 (Modafinil), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.21(P=0.23)
1.20.3 Headache
Arbabi 2012 5/23 3/23 — 35.69% 1.67[0.45,6.17]
Freudenreich 2009 2/19 0/16 + 6.95% 4.25[0.22,82.57]
Michalopoulou 2015 9/24 4/24 —— 57.35% 2.25(0.8,6.32]
Subtotal (95% CI) 66 63 N 100% 2.11[0.97,4.62]

Total events: 16 (Modafinil), 7 (Control)

Favours modafinil

0.01

0.1

-

10

100 Favours control
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Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Heterogeneity: Tau?=0; Chi*=0.36, df=2(P=0.84); 1>=0%

Test for overall effect: Z=1.87(P=0.06)

1.20.4 Sedation

Arbabi 2012 3/23 5/23 B 100% 0.6[0.16,2.22]

Subtotal (95% Cl) 23 23 —— 100% 0.6[0.16,2.22]

Total events: 3 (Modafinil), 5 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.76(P=0.44)

1.20.5 Tinnitus

Pierre 2007 1/10 0/10 e 100% 3[0.14,65.9]

Subtotal (95% Cl) 10 10 e — 100% 3[0.14,65.9]

Total events: 1 (Modafinil), 0 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.7(P=0.49)

1.20.6 Tremor

Arbabi 2012 4/23 2123 B 100% 2[0.41,9.87]

Subtotal (95% Cl) 23 23 —~l— 100% 2[0.41,9.87]

Total events: 4 (Modafinil), 2 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.85(P=0.39)

Test for subgroup differences: Chi*=3.77, df=1 (P=0.58), 1>=0% ‘ ‘ ‘ ‘

Favours modafinil  0-01 0.1 1 10 100 Favours control
Analysis 1.21. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 21 Adverse event/effect(s): 8. Specific - psychiatric.
Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.21.1 Anxiety

Kumar 2010 1/16 0/18 * 20.69% 3.35[0.15,76.93]

Michalopoulou 2015 4/24 2/24 —— 79.31% 2[0.4,9.91]

Subtotal (95% CI) 40 42 ~el— 100% 2.23[0.54,9.26]

Total events: 5 (Modafinil), 2 (Control)

Heterogeneity: Tau?=0; Chi*=0.08, df=1(P=0.77); 1>=0%

Test for overall effect: Z=1.1(P=0.27)

1.21.2 Depression

Freudenreich 2009 2/19 1/16 —.— 100% 1.68[0.17,16.91]

Subtotal (95% CI) 19 16 ——e 100% 1.68[0.17,16.91]

Total events: 2 (Modafinil), 1 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.44(P=0.66)

1.21.3 Insomnia

Arbabi 2012 4/23 3/23 — 39.16% 1.33[0.34,5.3]
53.02% 1.25[0.38,4.1]

Michalopoulou 2015 5/24 4/24 —F—

Favours modafinil ~ 0.01 0.1 1

100 Favours control
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Study or subgroup Modafinil
n/N

Control
n/N

Risk Ratio

M-H, Random, 95% CI

Weight

Risk Ratio
M-H, Random, 95% CI

Pierre 2007 0/10
Subtotal (95% Cl) 57
Total events: 9 (Modafinil), 8 (Control)

Heterogeneity: Tau?=0; Chi*=0.69, df=2(P=0.71); 1>=0%
Test for overall effect: Z=0.33(P=0.74)

1.21.4 Irritability

Pierre 2007 0/10
Subtotal (95% Cl) 10
Total events: 0 (Modafinil), 2 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=1.08(P=0.28)

1.21.5 Nervousness

Michalopoulou 2015 4/24
Subtotal (95% Cl) 24
Total events: 4 (Modafinil), 0 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=1.5(P=0.13)

1/10
57

2/10
10

0/24
24

Test for subgroup differences: Chi*=3.94, df=1 (P=0.41), 1>=0%

-

7.82%
100%

100%
100%

SN E— 100%

— e — 100%

0.33[0.02,7.32]
1.16[0.49,2.74]

0.20.01,3.7]
0.2[0.01,3.7]

9[0.51,158.52]
9[0.51,158.52]

Favours modafinil

0.01 0.1 1

10

100 Favours control

Analysis 1.22. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- all short term, Outcome 22 Adverse event/effect(s): 9. Specific - various other effects.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.22.1 Anorexia
Michalopoulou 2015 1/24 0/24 . 100% 3[0.13,70.16]
Subtotal (95% CI) 24 24 ———e N — 100% 3[0.13,70.16]
Total events: 1 (Modafinil), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)
1.22.2 Oedema
Pierre 2007 1/10 0/10 . 100% 3[0.14,65.9]
Subtotal (95% CI) 10 10 ——e 100% 3[0.14,65.9]
Total events: 1 (Modafinil), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.7(P=0.49)
1.22.3 Sexual dysfunction
Arbabi 2012 2/23 2/23 —.— 100% 1[0.15,6.51]
Subtotal (95% CI) 23 23 ‘ 100% 1[0.15,6.51]

Total events: 2 (Modafinil), 2 (Control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.22.4 Weight gain

Favours modafinil

0.01 0.1 1

10

100

Favours control
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Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Arbabi 2012 2/23 4/23 B 100% 0.5[0.1,2.47]
Subtotal (95% Cl) 23 23 ‘ 100% 0.5[0.1,2.47]

Total events: 2 (Modafinil), 4 (Control)

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.85(P=0.39) ‘
Test for subgroup differences: Chi*=1.67, df=1 (P=0.64), 1>=0% ‘

1

10 100 Favours control

Favours modafinil 0.01 0.1

Analysis 1.23. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all
short term, Outcome 23 Adverse event/effect(s): 10. Specific - sleep - average hours of sleep at endpoint.

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Pierre 2007 35 7.9(2.2) 35 7.1(1.2) S 100% 0.8(-0.03,1.63]
Total *** 35 35 e 100% 0.8[-0.03,1.63]

Heterogeneity: Not applicable

Test for overall effect: Z=1.89(P=0.06)

Favours modafinil -2 -1 0 1 2 Favours control

Analysis 1.24. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all short
term, Outcome 24 Adverse event/effect(s): 11. Specific: weight - average weight in kilograms at endpoint.

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Pierre 2007 10 97.7(18.2) 10 93.1(14.4) -.— 100% 4.63[-9.75,19.01]
Total *** 10 10 ’ 100% 4.63[-9.75,19.01]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.63(P=0.53) ‘

Favours modafinil ~ -100 -50 0 50 100 Favours control

Analysis 1.25. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 25 Adverse event/effect(s): 12a.
Specific: fatigue: i. average scores (CGI-l, endpoint, high = poor, skewed data).

Adverse event/effect(s): 12a. Specific: fatigue: i. average scores (CGI-I, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Sevy 2005 35 0.7 10 3.3 1.2 10
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Analysis 1.26. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 26 Adverse event/effect(s): 12b.
Specific: fatigue: ii. average scores (FSS, endpoint, high = poor, skewed data).

Adverse event/effect(s): 12b. Specific: fatigue: ii. average scores (FSS, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Sevy 2005 323 7.2 10 34.9 14.2 10

Analysis 1.27. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- all short term, Outcome 27 Behaviour: average total score (NOSIE, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Shafti 2016 25 55.5(9.8) 25 57.2(10.1) . 100% -1.72[-7.25,3.81]
Total *** 25 25 e 100% -1.72[-7.25,3.81]

Heterogeneity: Not applicable
Test for overall effect: Z=0.61(P=0.54)

Favours modafinil ~ -10 -5 0 5 10 Favours control

Analysis 1.28. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all
short term, Outcome 28 Global state: 1. Clinically important change in global state - no improvement (CGI = 4).

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Pierre 2007 7/11 1/10 - B 100% 6.36[0.94,43.07]
Total (95% Cl) 11 10 i 100% 6.36[0.94,43.07]

Total events: 7 (Modafinil), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.9(P=0.06)

Favours control ~ 0-001 0.1 1 10 1000 Favours modafinil

Analysis 1.29. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 29 Global state: 2. Relapse - single dose.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Spence 2005 1/9 0/8 e 100% 2.7[0.13,58.24]
Total (95% Cl) 9 8 e — 100% 2.7[0.13,58.24]

Total events: 1 (Modafinil), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.63(P=0.53)

Favours modafinil ~ 0-01 0.1 1 10 100 Favours control
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Analysis 1.30. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- all short term, Outcome 30 Global state: 3a. Average total score (CGI-I scale, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Pierre 2007 10 3.2(0.6) 10 4.1(0.6) N ‘ 51.11% -0.9[-1.43,-0.37]
Sevy 2005 10 3.9(0.3) 10 3.9(0.9) —*— 48.89% 0[-0.59,0.59]
Total *** 20 20 ‘} 100% -0.46[-1.34,0.42]
Heterogeneity: Tau?=0.32; Chi*=5, df=1(P=0.03); 1°=80% ‘
Test for overall effect: Z=1.02(P=0.31) ‘

Favours modafinil -5 25 0 2.5 5 Favours control

Analysis 1.31. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- all short term, Outcome 31 Global state: 3b. Average total score (CGI-S scale, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Pierre 2007 10 3.6(0.8) 10 4.1(0.6) —I+ 36.48% -0.5[-1.12,0.12]
Shafti 2016 25 3.2(1.1) 25 3.3(0.3) -' 63.52% -0.09[-0.55,0.37]
Total *** 35 35 * 100% -0.24[-0.63,0.15]
Heterogeneity: Tau?=0.01; Chi?*=1.09, df=1(P=0.3); I>=8.07% ‘
Test for overall effect: Z=1.21(P=0.22) ‘

Favours modafinil -5 -2.5 0 25 5 Favours control

Analysis 1.32. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 32 Leaving the study early: 1a. Any reason.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Arbabi 2012 1/23 3/23 _— 9.26% 0.33[0.04,2.97]
Freudenreich 2009 2/19 6/18 . —— 18.78% 0.32[0.07,1.37]
Kumar 2010 2/16 1/18 — Tt 8.42% 2.25[0.22,22.53]
Lohr 2013 1/12 0/12 + 4.79% 3[0.13,67.06]
Michalopoulou 2015 5/25 2/24 I . a— 17.24% 2.4[0.51,11.21]
Pierre 2007 2/11 2/10 — 13.66% 0.91[0.16,5.3]
Prasuna 2015 7/39 2/33 o . — 18.01% 2.96[0.66,13.29]
Sevy 2005 3/13 1/11 R e — 9.84% 2.54[0.31,21.06]
Shafti 2016 0/25 0/25 Not estimable
Total (95% Cl) 183 174 - 100% 1.26[0.63,2.52]
Total events: 23 (Modafinil), 17 (Control)
Heterogeneity: Tau?=0.11; Chi*=7.86, df=7(P=0.35); 1>=10.92%
Test for overall effect: Z=0.64(P=0.52)

Favours modafinil ~ 0-01 0.1 1 10 100 Favours control
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Analysis 1.33. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 33 Leaving the study early: 1b. Any reason - single dose.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Spence 2005 1/9 0/8 e 100% 2.7[0.13,58.24]
Total (95% CI) 9 8 e — 100% 2.7[0.13,58.24]

Total events: 1 (Modafinil), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.63(P=0.53)

Favours modafinil ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.34. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 34 Leaving the study early: 2. Due to adverse event.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Freudenreich 2009 0/19 2/18 4—.—— 44,03% 0.19[0.01,3.71]
Prasuna 2015 5/39 1/33 —— 55.97% 4.23[0.52,34.42]
Total (95% Cl) 58 51 e — 100% 1.08[0.05,22.2]

Total events: 5 (Modafinil), 3 (Control)
Heterogeneity: Tau?=3.11; Chi*>=2.81, df=1(P=0.09); 1>=64.37%
Test for overall effect: Z=0.05(P=0.96)

Favours Modafinil ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.35. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all
short term, Outcome 35 Quality of life: 1a. General: i. average total score (QOLI, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Pierre 2007 10 4(0.9) 10 4.2(1.3) . 100% -0.2[-1.18,0.78]
Total *** 10 10 # 100% -0.2[-1.18,0.78]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.4(P=0.69) ‘

Favours control ~ -10 -5 0 5 10 Favours modafinil

Analysis 1.36. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - all
short term, Outcome 36 Quality of life: 1b. General: ii. average total score (PGWBI, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Shafti 2016 25 59.4(8.3) 25 60.1(9.1) —.— 100% -0.68[-5.52,4.16]
Total *** 25 25 ~—¢> 100% -0.68[-5.52,4.16]

Favours control  -10 S 0 5 10 Favours modafinil

Modafinil for people with schizophrenia or related disorders (Review) 63
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.

q Li b rary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Heterogeneity: Not applicable
Test for overall effect: Z=0.28(P=0.78)
Favours control  -10 S 0 5 10 Favours modafinil

Analysis 1.37. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - all short term, Outcome 37 Service use: hospital admission.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Freudenreich 2009 1/19 1/16 e 100% 0.84[0.06,12.42]
Total (95% ClI) 19 16 ¢ 100% 0.84[0.06,12.42]

Total events: 1 (Modafinil), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.13(P=0.9)

Favours modafinil

0.01

Favours control

Analysis 1.38. Comparison 1 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - all short term, Outcome 38 SENSITIVITY ANALYSIS: Mental state: overall
- worsening psychosis - TRIAL WITH PARTICIPANTS WITH AFFECTIVE PSYCHOSES.

Study or subgroup Modafinil Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Freudenreich 2009 0/19 1/16 + 16.65% 0.28[0.01,6.51]
Kumar 2010 1/16 0/18 + 16.67% 3.35[0.15,76.93]
Lohr 2013 0/12 1/12 + 16.95% 0.33[0.01,7.45]
Pierre 2007 1/10 2/10 —_——— 32.77% 0.5[0.05,4.67]
Sevy 2005 1/13 0/11 + 16.96% 2.57[0.12,57.44]
Total (95% CI) 70 67 —ll— 100% 0.77[0.21,2.77]
Total events: 3 (Modafinil), 4 (Control)
Heterogeneity: Tau?=0; Chi*=2.24, df=4(P=0.69); 1>=0%
Test for overall effect: Z=0.4(P=0.69)

Favours modafinil  0-01 0.1 1 10 100 Favours control

Comparison 2. Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - subscale data - all short

term
Outcome or subgroup title No. of No. of Statistical Effect
studies partici- method size
pants
1 Cognitive function: 1a. Specific: attention/vigilance: i. average score 1 20 Mean Differ- -0.01
(DS-CPT score, endpoint, high = good) ence (IV, Ran- [-0.07,
dom, 95% Cl) 0.05]
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Outcome or subgroup title No. of No. of Statistical Effect
studies partici- method size
pants

2 Cognitive function: 1b. Specific: attention/vigilance: ii. average score 1 48 Mean Differ- -2.20

(MCCB score, endpoint, high = good) ence (IV, Ran- [-9.95,
dom, 95% Cl) 5.55]

3 Cognitive function: 1c. Specific: attention/vigilance: iii. average score - 1 40 Mean Differ- 4.51

single dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-1.70,
dom, 95% Cl) 10.72]

4 Cognitive function: 2a. Specific: flexibility of attention: i. average score- 1 40 Mean Differ- 0.27

single dose (CANTAB - IED stages completed, endpoint, high = good) ence (IV, Ran- [-0.27,
dom, 95% Cl) 0.81]

5 Cognitive function: 2b. Specific: flexibility of attention: ii. average Other data No nu-

score - single dose (CANTAB - IED errors adjusted, endpoint, high = poor, meric da-

skewed data) ta

6 Cognitive function: 3. Specific: fluency: average score (COWAT score, 1 20 Mean Differ- -3.50

endpoint, high = good) ence (IV, Ran- [-14.33,
dom, 95% Cl) 7.33]

7 Cognitive function: 4. Specific: reaction time: average score - single 1 40 Mean Differ- 0.18

dose (CANTAB - RTI simple accuracy score, endpoint, high = good) ence (IV, Ran- [-0.71,
dom, 95% Cl) 1.07]

8 Cognitive function: 5a. Specific: reasoning and problem solving: i. aver- 1 48 Mean Differ- -0.20

age score - short term (MCCB score, endpoint, high = good) ence (IV, Ran- [-6.14,
dom, 95% Cl) 5.74]

9 Cognitive function: 5b. Specific: reasoning and problem solving: i. aver- 1 40 Mean Differ- 4.35

age score - single dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-2.12,
dom, 95% Cl) 10.82]

10 Cognitive function: 6a. Specific: sensorimotor skills: i. average score - 1 40 Mean Differ- 0.12

single dose (CANTAB - MOT mean error, endpoint, high = poor) ence (IV, Ran- [-1.22,
dom, 95% Cl) 1.46]

11 Cognitive function: 6b. Specific: sensorimotor skills: ii. average score- 1 40 Mean Differ- -113.44

single dose (CANTAB - MOT mean latency, endpoint, high = poor) ence (IV, Ran- [-220.11,
dom, 95% Cl) -6.77]

12 Cognitive function: 7a. Specific: short-term auditory-verbal memory:i. 1 20 Mean Differ- -1.30

average score (RAVL test - delayed recall, endpoint, high = good) ence (IV, Ran- [-3.55,
dom, 95% Cl) 0.95]

13 Cognitive function: 7b. Specific: short-term auditory-verbal memory: 1 20 Mean Differ- -7.20

ii. average score (RAVL test - immediate recall, endpoint, high = good) ence (IV, Ran- [-14.69,
dom, 95% Cl) 0.29]

14 Cognitive function: 8a. Specific: short-term memory: i. average score Other data No nu-

(DMST 4-second delay score, endpoint, high = good, skewed data) meric da-

ta

15 Cognitive function: 8b. Specific: short-term memory: ii. average score 1 20 Mean Differ- -0.80

(DMST no delay score, endpoint, high = good) ence (IV, Ran- [-2.77,
dom, 95% Cl) 1.17]
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16 Cognitive function: 9a. Specific: social cognition: i average score -sin- 1 40 Mean Differ- 9.28 [4.16,
gle dose (MCCB score, endpoint, high = good) ence (IV, Ran- 14.40]
dom, 95% Cl)
17 Cognitive function: 9b. Specific: social cognition: ii. average score - 1 48 Mean Differ- 1.5[-4.60,
short term (MCCB score, endpoint, high = good) ence (IV, Ran- 7.60]
dom, 95% Cl)
18 Cognitive function: 10a. Specific: spatial planning/working memory:i. 1 40 Mean Differ- -0.19
average score - single dose (CANTAB - OTS choices to correct, endpoint, ence (IV, Ran- [-0.46,
high = good) dom, 95% Cl) 0.08]
19 Cognitive function: 10b. Specific: spatial planning/working memory: ii. Other data No nu-
average score - single dose (CANTAB - OTS mean latency to correct, end- meric da-
point, high = good, skewed data) ta
20 Cogpnitive function: 10c. Specific: spatial planning/working memory: 1 40 Mean Differ- 0.96
iii. average score - single dose (CANTAB - OTS problems solved on the first ence (IV, Ran- [-0.72,
choice, endpoint, high = good) dom, 95% CI) 2.64]
21 Cognitive function: 11a. Specific: speed of processing: i. average score 1 40 Mean Differ- 4.19
- single dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-5.46,
dom, 95% Cl) 13.84]
22 Cognitive function: 11b. Specific: speed of processing: ii. average score 1 48 Mean Differ- -3.40
- short term (MCCB score, endpoint, high = good) ence (IV, Ran- [-11.62,
dom, 95% Cl) 4.82]
23 Cognitive function: 12a. Specific: sustained attention: i. average score 1 40 Mean Differ- 0.13[0.03,
- single dose (CANTAB - RVP probability of a hit, endpoint, high = good) ence (IV, Ran- 0.23]
dom, 95% Cl)
24 Cogpnitive function: 12b. Specific: sustained attention: ii. average score Other data No nu-
(CPT-IP 2 digit, endpoint, high = good, skewed data) meric da-
ta
25 Cogpnitive function: 12c. Specific: sustained attention: iii. average score Other data No nu-
(CPT-IP 3 digit, endpoint, high = good, skewed data) meric da-
ta
26 Cognitive function: 12d. Specific: sustained attention: iv. average Other data No nu-
score (CPT-IP 4 digit, endpoint, high = good, skewed data) meric da-
ta
27 Cognitive function: 13a. Specific: verbal learning: i. average score - sin- 1 40 Mean Differ- 1.62
gle dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-5.65,
dom, 95% Cl) 8.89]
28 Cogpnitive function: 13b. Specific: verbal learning: ii. average score - 1 48 Mean Differ- -3.20
short term (MCCB score, endpoint, high = good) ence (IV, Ran- [-8.82,
dom, 95% Cl) 2.42]
29 Cogpnitive function: 14. Specific: verbal learning/memory - average Other data No nu-
score (CVLT test, endpoint, high = good) meric da-
ta
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30 Cognitive function: 15a. Specific: verbal memory: i. average score - sin- 1 40 Mean Differ- 0.23
gle dose (CANTAB - VRM free recall correct immediate, endpoint, high = ence (IV, Ran- [-1.16,
good) dom, 95% Cl) 1.62]
31 Cognitive function: 15b. Specific: verbal memory: ii. average score - Other data No nu-
single dose (CANTAB - VRM free recall novel words immediate, endpoint, meric da-
high = good, skewed data) ta
32 Cognitive function: 16. Specific: visual attention/task switching - aver- Other data No nu-
age score (TMT, endpoint, high = good, skewed data) meric da-
ta
33 Cogpnitive function: 17a. Specific: visual learning: i. average score - sin- 1 40 Mean Differ- 7.16
gle dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-0.54,
dom, 95% Cl) 14.86)
34 Cogpnitive function: 17b. Specific: visual learning: ii. average score (MC- 1 48 Mean Differ- -1.80
CB score, endpoint, high = good) ence (IV, Ran- [-10.07,
dom, 95% Cl) 6.47]
35 Cognitive function: 18a. Specific: visual memory/new learning: i. av- Other data No nu-
erage score - single dose (CANTAB - PAL total errors adjusted, endpoint, meric da-
high = poor, skewed data) ta
36 Cognitive function: 18b. Specific: visual memory/new learning: ii. aver- Other data No nu-
age score - single dose (CANTAB - PAL errors 6 shapes adjusted, endpoint, meric da-
high = poor, skewed data) ta
37 Cognitive function: 19a. Specific: working memory: i. average score - 1 40 Mean Differ- 3.45
single dose (MCCB score, endpoint, high = good) ence (IV, Ran- [-2.99,
dom, 95% Cl) 9.89]
38 Cogpnitive function: 19b. Specific: working memory: ii. average score 1 48 Mean Differ- -3.80
(MCCB score, endpoint, high = good) ence (IV, Ran- [-11.18,
dom, 95% Cl) 3.58]
39 Cogpnitive function: 19c¢. Specific: working memory: iii. average score Other data No nu-
(ODRT 2-second delay, endpoint, high = good, skewed data) meric da-
ta
40 Cognitive function: 19d. Specific: working memory: iv. average score Other data No nu-
(ODRT direct touch, endpoint, high = good, skewed data) meric da-
ta
41 Cognitive function: 20. Specific: working memory/strategy - average 1 40 Mean Differ- -2.39
score - single dose (CANTAB - SWM strategy, endpoint, high = good) ence (IV, Ran- [-5.17,
dom, 95% Cl) 0.39]
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Analysis 2.1. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 1 Cognitive function: 1a.
Specific: attention/vigilance: i. average score (DS-CPT score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Pierre 2007 10 0.9 (0.1) 10 0.9 (0.1) . 100% -0.01[-0.07,0.05]
Total *** 10 10 # 100% -0.01[-0.07,0.05]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.34(P=0.74) ‘
Favours placebo -1 0.5 0 0.5 1 Favours modafinil

Analysis 2.2. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 2 Cognitive function: 1b.
Specific: attention/vigilance: ii. average score (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Michalopoulou 2015 24 36.5(13.5) 24 387(13.9) S 100% -2.2[-9.95,5.55]
Total *** 24 24 —~— 100% -2.2[-9.95,5.55]
Heterogeneity: Not applicable
Test for overall effect: Z=0.56(P=0.58)
Favours control ~ -20 -10 0 10 20 Favours modafinil

Analysis 2.3. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 3 Cognitive function: 1c. Specific:
attention/vigilance: iii. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Lees 2017 23 37.6(11.6) 17 33.1(8.5) .— 100% 451[-1.7,10.72]
Total *** 23 17 b 100% 4.51[-1.7,10.72]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.42(P=0.15) ‘
Favours control 50 -25 0 25 50 Favours modafinil

Analysis 2.4. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 4 Cognitive function: 2a. Specific: flexibility of
attention: i. average score - single dose (CANTAB - IED stages completed, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 8.6(0.8) 17 8.3(0.9) = 100% 0.27[-0.27,0.81]
Favours control -1 0.5 0 0.5 1 Favours modafinil
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Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Total *** 23 17 —— 100% 0.27[-0.27,0.81]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.98(P=0.33) ‘

Favours control -1 0.5 0 0.5 1 Favours modafinil

Analysis 2.5. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 5 Cognitive function: 2b. Specific: flexibility of attention:
ii. average score - single dose (CANTAB - IED errors adjusted, endpoint, high = poor, skewed data).

Cognitive function: 2b. Specific: flexibility of attention: ii. average score - single dose (CANTAB - IED errors adjusted, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Lees 2017 26.08 19.13 23 34.6 20.8 17

Analysis 2.6. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo
(+ usual antipsychotic) - subscale data - all short term, Outcome 6 Cognitive
function: 3. Specific: fluency: average score (COWAT score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Sevy 2005 10 31.7(12.5) 10 35.2(12.2) . 100% -3.5[-14.33,7.33]
Total *** 10 10 * 100% -3.5[-14.33,7.33]

Heterogeneity: Not applicable
Test for overall effect: Z=0.63(P=0.53)

‘
Favours placebo  -100 -50 0 50 100 Favours modafinil

Analysis 2.7. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 7 Cognitive function: 4. Specific: reaction time:
average score - single dose (CANTAB - RTI simple accuracy score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Lees 2017 23 28.7(L.1) 17 28.5(1.6) = 100% 0.18[-0.71,1.07]
Total *** 23 17 ——— 100% 0.18[-0.71,1.07]

Heterogeneity: Not applicable
Test for overall effect: Z=0.4(P=0.69)

2 Favours modafinil

Favours control -2 -1

ol
-
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Analysis 2.8. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 8 Cognitive function: 5a. Specific:
reasoning and problem solving: i. average score - short term (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Michalopoulou 2015 24 41.7(10.4) 24 41.9(10.6) . 100% -0.2[-6.14,5.74]

Total *** 24 24 ¢ 100% -0.2[-6.14,5.74]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.07(P=0.95) ‘

Favours control  -10 S 0 5 10 Favours modafinil

Analysis 2.9. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 9 Cognitive function: 5b. Specific:
reasoning and problem solving: i. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Total *** 23 17 — 100% 4.35[-2.12,10.82]

Heterogeneity: Not applicable
Test for overall effect: Z=1.32(P=0.19)

Lees 2017 23 45.8(11.6) 17 415(9.2) e 100% 4.35[-2.12,10.82]
e

o
-
5]

Favours control ~ -20 -10 20 Favours modafinil

Analysis 2.10. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 10 Cognitive function: 6a. Specific:
sensorimotor skills: i. average score - single dose (CANTAB - MOT mean error, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Lees 2017 23 7.5 (2.5) 17 7.4(18) el 100% 0.12[-1.22,1.46]
Total *** 23 17 * 100% 0.12[-1.22,1.46]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=0.18(P=0.86) ‘

Favours modafinil ~ -10 -5 0 5 10 Favours control

Analysis 2.11. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 11 Cognitive function: 6b. Specific: sensorimotor
skills: ii. average score - single dose (CANTAB - MOT mean latency, endpoint, high = poor).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 787 (134) 17 900.4 .‘ 100% -113.44[-220.11,-6.77]
(192.6)
Favours modafinil ~ -1000  -500 0 500 1000 Favours control
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Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Total *** 23 17 L 2 100% -113.44[-220.11,-6.77]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.08(P=0.04)

Favours modafinil  -1000  -500 0 500 1000 Favours control

Analysis 2.12. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 12 Cognitive function: 7a. Specific: short-term
auditory-verbal memory: i. average score (RAVL test - delayed recall, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Sevy 2005 10 5.6(1.7) 10 6.9(3.2) o 100% -1.3[-3.55,0.95]
Total *** 10 10 - 100% -1.3[-3.55,0.95]

Heterogeneity: Not applicable
Test for overall effect: Z=1.13(P=0.26)

Favours control ~ -10 -5 0 5 10 Favours modafinil

Analysis 2.13. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 13 Cognitive function: 7b. Specific: short-term
auditory-verbal memory: ii. average score (RAVL test - immediate recall, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Sevy 2005 10 39.7(4.3) 10 469(113) o 100% -7.2[-14.69,0.29]
Total *** 10 10 —~l 100% -7.2[-14.69,0.29]

Heterogeneity: Not applicable
Test for overall effect: Z=1.88(P=0.06)

Favours placebo 20 -10 0 10 20 Favours modafinil

Analysis 2.14. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 14 Cognitive function: 8a. Specific: short-term
memory: i. average score (DMST 4-second delay score, endpoint, high = good, skewed data).

Cognitive function: 8a. Specific: short-term memory: i. average score (DMST 4-second delay score, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Sevy 2005 12.1 6.2 10 15.10 3.0 10
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Analysis 2.15. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 15 Cognitive function: 8b. Specific:
short-term memory: ii. average score (DMST no delay score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Sevy 2005 10 7.9 (2.9) 10 8.7(L.3) —.— 100% -0.8[-2.77,1.17)
Total *** 10 10 * 100% -0.8[-2.77,1.17]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.8(P=0.43) ‘
Favours control  -10 S 0 5 10 Favours modafinil

Analysis 2.16. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 16 Cogpnitive function: 9a. Specific:
social cognition: i average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 43.4(8.6) 17 34.1(7.9) e 100% 9.28[4.16,14.4]
Total *** 23 17 . 100% 9.28[4.16,14.4]
Heterogeneity: Not applicable
Test for overall effect: Z=3.55(P=0)
Favours control 20 -10 0 0 20 Favours modafinil

Analysis 2.17. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 17 Cognitive function: 9b. Specific:
social cognition: ii. average score - short term (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Michalopoulou 2015 24 41.2(12.8) 24 39.7 (8.3) . 100% 1.5[-4.6,7.6]
Total *** 24 24 ——ee— 100% 1.5[-4.6,7.6]

Heterogeneity: Not applicable
Test for overall effect: Z=0.48(P=0.63)

Favours control ~ -10 -5 0 5 10 Favours modafinil

Analysis 2.18. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
subscale data - all short term, Outcome 18 Cognitive function: 10a. Specific: spatial planning/working
memory: i. average score - single dose (CANTAB - OTS choices to correct, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 1.6(0.4) 17 1.8(0.5) o 100% -0.19[-0.46,0.08]
Favours control -1 0.5 0 0.5 1 Favours modafinil
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Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Total *** 23 17 i 100% -0.19[-0.46,0.08]
Heterogeneity: Not applicable
Test for overall effect: Z=1.4(P=0.16)
Favours control -1 0.5 0 0.5 1 Favours modafinil

Analysis 2.19. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) - subscale
data - all short term, Outcome 19 Cognitive function: 10b. Specific: spatial planning/working memory: ii.
average score - single dose (CANTAB - OTS mean latency to correct, endpoint, high = good, skewed data).

Cognitive function: 10b. Specific: spatial planning/working memory: ii. average score - sin-
gle dose (CANTAB - OTS mean latency to correct, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Lees 2017 20092.56 10232.46 23 22087.40 4817.7 17

Analysis 2.20. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
subscale data - all short term, Outcome 20 Cognitive function: 10c. Specific: spatial planning/working memory:
iii. average score - single dose (CANTAB - OTS problems solved on the first choice, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 9.8(2.3) 17 8.8(2.9) “ 100% 0.96[-0.72,2.64]
Total *** 23 17 0.96[-0.72,2.64]

Heterogeneity: Not applicable
Test for overall effect: Z=1.12(P=0.26)

&

Favours control  -10

ﬁ‘ 100%
|
|
0

5 10 Favours modafinil

Analysis 2.21. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 21 Cognitive function: 11a. Specific:
speed of processing: i. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Lees 2017 23 423(148) 17 38.1(158) B 100% 4.19[-5.46,13.84]
Total *** 23 17 * 100% 4.19[-5.46,13.84]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.85(P=0.39) ‘

Favours control  -100 -50 0 50 100 Favours modafinil
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Analysis 2.22. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 22 Cognitive function: 11b. Specific:
speed of processing: ii. average score - short term (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Michalopoulou 2015 24 326(12.1) 24 36 (16.6) . 100% -3.4[-11.62,4.82]
Total *** 24 24 ﬁ 100% -3.4[-11.62,4.82]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.81(P=0.42) ‘
Favours control  -100 -50 0 50 100 Favours modafinil

Analysis 2.23. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 23 Cognitive function: 12a. Specific: sustained
attention: i. average score - single dose (CANTAB - RVP probability of a hit, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lees 2017 23 0.6(0.2) 17 0.5(0.2) -+ 100% 0.13[0.03,0.23]
Total *** 23 17 0 100% 0.13[0.03,0.23]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=2.47(P=0.01) ‘
0

Favours control -1 05 05 1 Favours modafinil

Analysis 2.24. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 24 Cognitive function: 12b. Specific:
sustained attention: ii. average score (CPT-IP 2 digit, endpoint, high = good, skewed data).

Cognitive function: 12b. Specific: sustained attention: ii. average score (CPT-IP 2 digit, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Sevy 2005 2.5 13 10 2.6 1 10

Analysis 2.25. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 25 Cognitive function: 12c. Specific:
sustained attention: iii. average score (CPT-IP 3 digit, endpoint, high = good, skewed data).

Coghnitive function: 12c. Specific: sustained attention: iii. average score (CPT-IP 3 digit, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Sevy 2005 2.1 14 10 1.8 1.1 10
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Analysis 2.26. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 26 Cognitive function: 12d. Specific:
sustained attention: iv. average score (CPT-IP 4 digit, endpoint, high = good, skewed data).

Cognitive function: 12d. Specific: sustained attention: iv. average score (CPT-IP 4 digit, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Sevy 2005 1.2 1.0 10 1.2 0.9 10

Analysis 2.27. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 27 Cognitive function: 13a.
Specific: verbal learning: i. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Lees 2017 23 41.1(6.9) 17 39.5(14.1) . 100% 1.62[-5.65,8.89]
Total *** 23 17 e — 100% 1.62[-5.65,8.89]

Heterogeneity: Not applicable
Test for overall effect: Z=0.44(P=0.66)

Favours control  -10 -5 0 5 10 Favours modafinil

Analysis 2.28. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 28 Cognitive function: 13b.
Specific: verbal learning: ii. average score - short term (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Michalopoulou 2015 24 34.7(8.6) 24 37.9(11.1) . 100% -3.2[-8.82,2.42]
Total *** 24 24 ——— 100% -3.2[-8.82,2.42]

Heterogeneity: Not applicable
Test for overall effect: Z=1.12(P=0.26)

Favours control  -10 10 Favours modafinil

o
o
w

Analysis 2.29. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 29 Cognitive function: 14.
Specific: verbal learning/memory - average score (CVLT test, endpoint, high = good).

Cognitive function: 14. Specific: verbal learning/memory - average score (CVLT test, endpoint, high = good)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Pierre 2007 43.2 9.5 10 39.7 21.1 10
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Analysis 2.30. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic)
- subscale data - all short term, Outcome 30 Cognitive function: 15a. Specific: verbal memory: i.
average score - single dose (CANTAB - VRM free recall correct immediate, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Lees 2017 23 6.8 (L.7) 17 6.6 (2.6) -.— 100% 0.23[-1.16,1.62]
Total *** 23 17 > 100% 0.23[-1.16,1.62]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.32(P=0.75) ‘

Favours control  -10 S 0 5 10 Favours modafinil

Analysis 2.31. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
subscale data - all short term, Outcome 31 Cogpnitive function: 15b. Specific: verbal memory: ii. average
score - single dose (CANTAB - VRM free recall novel words immediate, endpoint, high = good, skewed data).

Cognitive function: 15b. Specific: verbal memory: ii. average score - single dose
(CANTAB - VRM free recall novel words immediate, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Lees 2017 0.34 0.714 23 0.47 0.8 17

Analysis 2.32. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 32 Cognitive function: 16. Specific:
visual attention/task switching - average score (TMT, endpoint, high = good, skewed data).

Cognitive function: 16. Specific: visual attention/task switching - average score (TMT, endpoint, high = good, skewed data)
Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Pierre 2007 134.1 73.6 10 122.4 55.9 10

Analysis 2.33. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 33 Cognitive function: 17a.
Specific: visual learning: i. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Lees 2017 23 45.9 (10) 17 387(13.7) == 100% 7.16[-0.54,14.86]
Total *** 23 17 e 100% 7.16[-0.54,14.86]

Heterogeneity: Not applicable
Test for overall effect: Z=1.82(P=0.07)

Favours control 20 -10 0 10 20 Favours modafinil
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Analysis 2.34. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+
usual antipsychotic) - subscale data - all short term, Outcome 34 Cognitive function:
17b. Specific: visual learning: ii. average score (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI

Michalopoulou 2015 24 37.6(13.9) 24 39.4(153) —.— 100% -1.8[-10.07,6.47]

Total *** 24 24 ——— 100% -1.8[-10.07,6.47]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.43(P=0.67)

Favours control 20 -10 0 10 20 Favours modafinil

Analysis 2.35. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
subscale data - all short term, Outcome 35 Cognitive function: 18a. Specific: visual memory/new learning:
i. average score - single dose (CANTAB - PAL total errors adjusted, endpoint, high = poor, skewed data).

Cognitive function: 18a. Specific: visual memory/new learning: i. average score - sin-
gle dose (CANTAB - PAL total errors adjusted, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Lees 2017 11.17 10.43 23 28.29 29.96 17

Analysis 2.36. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual antipsychotic) -
subscale data - all short term, Outcome 36 Cognitive function: 18b. Specific: visual memory/new learning:
ii. average score - single dose (CANTAB - PAL errors 6 shapes adjusted, endpoint, high = poor, skewed data).

Cognitive function: 18b. Specific: visual memory/new learning: ii. average score - sin-
gle dose (CANTAB - PAL errors 6 shapes adjusted, endpoint, high = poor, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)
Lees 2017 1.78 2.72 23 7.11 8.44 17

Analysis 2.37. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 37 Cognitive function: 19a. Specific:
working memory: i. average score - single dose (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Lees 2017 23 41.4(8.2) 17 37.9(116) = 100% 3.45[-2.99,9.89]
Total *** 23 17 —~l— 100% 3.45[-2.99,9.89]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.05(P=0.29)

Favours control 20 -10 0 10 20 Favours modafinil
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Analysis 2.38. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 38 Cognitive function: 19b.
Specific: working memory: ii. average score (MCCB score, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Michalopoulou 2015 24 385(133) 24 423(12.8) = 100% -3.8[-11.18,3.58]

Heterogeneity: Not applicable

Total *** 24 24 i 100% -3.8[-11.18,3.58]
Test for overall effect: Z=1.01(P=0.31)

Favours control 20 -10 0 10 20 Favours modafinil

Analysis 2.39. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 39 Cognitive function: 19c. Specific:
working memory: iii. average score (ODRT 2-second delay, endpoint, high = good, skewed data).

Cognitive function: 19c¢. Specific: working memory: iii. average score (ODRT 2-second delay, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Sevy 2005 36.9 19 10 40.9 10.4 10

Analysis 2.40. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 40 Cognitive function: 19d. Specific:
working memory: iv. average score (ODRT direct touch, endpoint, high = good, skewed data).

Cognitive function: 19d. Specific: working memory: iv. average score (ODRT direct touch, endpoint, high = good, skewed data)

Study Mean (Modafinil SD (Modafinil N (Modafinil Group) Mean (Place- SD (Placebo group) N (Placebo group)
group) group) bo group)

Sevy 2005 8.2 4.5 10 7.6 2.5 10

Analysis 2.41. Comparison 2 Modafinil (+ usual antipsychotic) versus placebo (+ usual
antipsychotic) - subscale data - all short term, Outcome 41 Cognitive function: 20. Specific: working
memory/strategy - average score - single dose (CANTAB - SWM strategy, endpoint, high = good).

Study or subgroup Modafinil Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Total *** 23 17 T 100% -2.39[-5.17,0.39]

Heterogeneity: Not applicable

Lees 2017 23 14.1(3.9) 17 16.5 (4.8) o= 100% -2.39[-5.17,0.39]
—~a

Test for overall effect: Z=1.68(P=0.09)

Favours control  -10 S 0 5 10 Favours modafinil
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Study Contact date Solicited data Response

Arbabi 2012 13-Aug-17 Extrapyramidal symptoms rating scale (mean and SD). Did not respond.

Freudenreich 11-Aug-17 ESS, FSS, PANSS, SANS, and COGBAT (mean and SD) - the data are pre- Did not respond.

2009 sented in a graph or as a slope.

Mean and SD for weight and BMI. Method of randomisation.
Kumar 2010 8-Aug-17 Participants leaving the study early for each group. NHRS, ESS, PANSS, Did not respond.
IDEAS, and CGI-I (mean scores and SD).
Adverse events for each group.
Leblanc 2006 11-Aug-17 Method of randomisation. How many participants were allocated to each  Information re-
group. ceived in the form
of an unpublished
To which group participants who left the study belonged and the reasons  graft, no informa-
for leaving. tion was usable
Data from PANSS, CGI, SOFAS, and ESRS dsb for this review (20
ata from , CGl, ,an (mean an ). August 2017).
Lees 2017 9-Aug-17 Number randomised to the modafinil and placebo group in the first Information re-
phase of the trial. ceived and used in
this review (15 Au-
MCCB (composite and domains) and CANTAB (mean and SD) for thefirst gyt 2017).
phase of the trial for each group.
The number of participants with schizophrenia that left the study before
the cross-over and the group to which they were assigned.
Scores (mean and SD) for the MCCB (composite and domains) and
CANTAB for the first phase of the trial for each group.
Lohr 2013 9-Aug-17 Data reported in a graph: SAS, PANSS (mean and SD). Data not reported Did not respond.
in the results: AIMS, ESS, CGI-S, BARS (mean and SD).
Adverse events that occurred in both groups.
Michalopoulou  4-Aug-17 PANSS and UPSA-B (mean score and SD) from visit 14; we used data from  Did not respond.
2015 visit 16.
Prasuna 2015 17-Aug-17 BPRS, CGI-S, EDD (mean and SD). Did not respond.
List of adverse events.

Sevy 2005 12-Aug-17 Method of randomisation and allocation. Did not respond.
The list of adverse events (only the adverse events for the modafinil
group are reported in the report). SANS total (mean and SD).

Spence 2005 16-Aug-17 The group to which the participant who relapsed belonged. Information re-
ceived and used in
this review (18 Au-
gust 2017).

Turner 2004 14-Aug-17 CANTAB (mean and SD) for the first phase of the trial. Did not respond.
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AIMS = Abnormal Involuntary Movement Scale.

BARS = Barnes Akathisia Rating Scale.

BMI = Body Mass Index.

BPRS = Brief Psychiatric Rating Scale.

CANTAB = Cambridge Neuropsychological Test Automated Battery.
CGI-I = Clinical Global Impression-Improvement.

CGI-S = Clinical Global Impression-Severity.

COGBAT = Cognitive Basic Assessment.

ESRS = Extrapyramidal Symptom Rating Scale.

ESS = Epworth Sleepiness Scale.

EDD = Excessive Daytime Drowsiness Scale.

FSS = Fatigue Severity Scale.

IDEAS = Indian Disability Evaluation Assessment Scale.

MCCB = MATRICS Consensus Cognitive Battery.

NHRS = Nocturnal Hyper-salivation Rating Scale.

PANSS = Positive and Negative Syndrome Scale.

SANS = Scale for the Assessment of Negative Symptoms.

SAS = Simpson-Angus Scale.

SD = Standard deviation.

SOFAS = Social and Occupational Functioning Assessment Scale.
UPSA-B = University of California San Diego (UCSD) Performance-based Skills Assessment.

Appendix 2. Subscale results
2.1 Cognitive function: 1a. Specific: attention/vigilance: i. average score (DS-CPT score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -0.01, 95% CI -0.07 to 0.05; participants = 20; studies = 1, Analysis 2.1).

2.2 Cognitive function: 1b. Specific: attention/vigilance: ii. average score (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -2.20, 95% CI -9.95 to 5.55; participants = 48; studies = 1, Analysis 2.2)

2.3 Cognitive function: 1c. Specific: attention/vigilance: iii. average score - single dose (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 4.51, 95% CI -1.70 to 10.72; participants = 40; studies = 1, Analysis 2.3).

2.4 Cognitive function: 2a. Specific: flexibility of attention: i. average score - single dose (CANTAB - IED stages completed,
endpoint, high = good)

There was no clear difference between groups for this outcome (MD 0.27, 95% CI —0.27 to 0.81; participants = 40; studies = 1, Analysis 2.4.

2.5 Cognitive function: 2b. Specific: flexibility of attention: ii. average score - single dose (CANTAB - IED errors adjusted, endpoint,
high = poor, skewed)

These continuous data were skewed and are presented as 'other data' (Analysis 2.5).

2.6 Cognitive function: 3. Specific: fluency - average score (COWAT score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -3.50, 95% Cl -14.33 to 7.33; participants = 20; studies = 1, Analysis 2.6).

2.7 Cognitive function: 4. Specific: reaction time - average score - single dose (CANTAB - RTI simple accuracy score, endpoint, high
=good)

There was no clear difference between groups for this outcome (MD 0.18, 95% CI -0.71 to 1.07; participants = 40; studies = 1, Analysis 2.7).

2.8 Cognitive function: 5a. Specific: reasoning and problem solving: i. average score - short term (MCCB score, endpoint, high =
good)

There was no clear difference between groups for this outcome (MD -0.20, 95% CI -6.14 to 5.74; participants = 48; studies = 1, Analysis 2.8).

2.9 Cognitive function: 5b. Specific: reasoning and problem solving: ii. average score - single dose (MCCB score, endpoint, high =
good)

There was no clear difference between groups for this outcome (MD 4.35, 95% CI -2.12 to 10.82; participants = 40; studies = 1, Analysis 2.9).

2.10 Cognitive function: 6a. Specific: sensorimotor skills: i. average score - single dose (CANTAB - MOT mean error, endpoint, high
= poor)

There was no clear difference between groups for this outcome (MD 0.12, 95% CI -1.22 to 1.46; participants = 40; studies = 1, Analysis 2.10).
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2.11 Cognitive function: 6b. Specific: sensorimotor skills: ii. average score - single dose (CANTAB - MOT mean latency, endpoint,
high = poor)

There was a clear difference in scores favouring the modafinil group for this outcome (MD -113.44, 95% Cl -220.11 to —6.77; participants
=40; studies = 1; Analysis 2.11).

2.12 Cognitive function: 7a. Specific: short-term auditory-verbal memory: i. average score (RAVL - delayed recall, endpoint, high
=good)

There was no clear difference between groups for this outcome (MD -1.30, 95% Cl -3.55 to 0.95; participants = 20; studies = 1, Analysis 2.12).

2.13 Cognitive function: 7b. Specific: short-term auditory-verbal memory: ii. average score (RAVL - immediate recall, endpoint,
high = good)

There was no clear difference between groups for this outcome (MD -7.20, 95% Cl -14.69 to 0.29; participants = 20; studies = 1, Analysis 2.13).

2.14 Cognitive function: 8a. Specific: short-term memory: i. average score (DMST 4-second delay score, endpoint, high = good,
skewed data)

These continuous data were skewed and are presented as 'other data' (Analysis 2.14).

2.15 Cognitive function: 8b. Specific: short-term memory: ii. average score (DMST no-delay score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -0.80, 95% CI -2.77 to 1.17; participants = 20; studies = 1, Analysis 2.15).

2.16 Cognitive function: 9a. Specific: social cognition: i. average score - single dose (MCCB score, endpoint, high = good)

There was a clear difference in scores favouring the modafinil group for this outcome (MD 9.28, 95% Cl 4.16 to 14.40; participants = 40;
studies = 1, Analysis 2.16).

2.17 Cognitive function: 9b. Specific: social cognition: ii. average score - short term (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 1.50, 95% CI -4.60 to 7.60; participants = 48; studies = 1, Analysis 2.17).

2.18 Cognitive function: 10a. Specific: spatial planning/working memory: i. average score - single dose (CANTAB - OTS choices to
correct, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -0.19, 95% CI -0.46 to 0.08; participants = 40; studies = 1, Analysis 2.18).

2.19 Cognitive function: 10b. Specific: spatial planning/working memory: ii. average score - single dose (CANTAB - OTS mean
latency to correct, endpoint, high = good)

These data were skewed and are presented as 'other data' (Analysis 2.19).

2.20 Cognitive function: 10c. Specific: spatial planning/working memory: iii. average score - single dose (CANTAB - OTS problems
solved on the first choice, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 0.96, 95% CI -0.72 to 2.64; participants = 40; studies = 1, Analysis 2.20).

2.21 Cognitive function: 11a. Specific: speed of processing: i. average score - single dose (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 4.19, 95% Cl -5.46 to 13.84; participants = 40; studies = 1, Analysis 2.21).

2.22 Cognitive function: 11b. Specific: speed of processing: ii. average score - short term (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -3.40, 95% Cl -11.62 to 4.82; participants =48; studies = 1, Analysis 2.22).

2.23 Cognitive function: 12a. Specific: sustained attention: i. average score - single dose (CANTAB - RVP probability of a hit,
endpoint, high = good)

There was a clear difference in scores favouring the modafinil group for this outcome (MD 0.13,95% Cl 0.03 to 0.23; participants =40; studies
=1, Analysis 2.23).

2.24 Cognitive function: 12b. Specific: sustained attention: ii. average score (CPT-IP 2-digit, endpoint, high = good, skewed data)
These continuous data were skewed and are presented as 'other data' (Analysis 2.24).
2.25 Cognitive function: 12¢. Specific: sustained attention: iii. average score (CPT-IP 3-digit, endpoint, high = good, skewed data)

These continuous data were skewed and are presented as 'other data' (Analysis 2.25).
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2.26 Cognitive function: 12d. Specific: sustained attention: iv. average score (CPT-IP 4-digit, endpoint, high = good, skewed data)

These continuous data were skewed and are presented as 'other data' (Analysis 2.26).

2.27 Cognitive function: 13a. Specific: verbal learning: i. average score - single dose (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 1.62, 95% CI -5.65 to 8.89; participants = 40; studies = 1, Analysis 2.27).

2.28 Cognitive function: 13b. Specific: verbal learning: ii. average score - short term (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -3.20, 95% CI -8.82 to 2.42; participants = 48; studies = 1, Analysis 2.28).

2.29 Cognitive function: 14. Specific: verbal learning/memory: average score (CVLT, endpoint, high = good)

These continuous data were skewed and are reported as 'other data' (Analysis 2.29).

2.30 Cognitive function: 15a. Specific: verbal memory: i. average score - single dose (CANTAB - VRM free recall correct immediate,
endpoint, high = good)

There was no clear difference between groups for this outcome (MD 0.23, 95% CI -1.16 to 1.62; participants = 40; studies = 1, Analysis 2.30).

2.31 Cognitive function: 15b. Specific: verbal memory: ii. average score - single dose (CANTAB - VRM free recall novel words
immediate, endpoint, high = good)

These continuous data were skewed and are presented as 'other data' (Analysis 2.31).

2.32 Cognitive function: 16. Specific: visual attention/task switching - average score (TMT, endpoint, high = good)

These continuous data were skewed and are presented as 'other data' (Analysis 2.32).

2.33 Cognitive function: 17a. Specific: visual learning: i. average score - single dose (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD 7.16, 95% Cl -0.54 to 14.86; participants = 40; studies = 1, Analysis 2.33).

2.34 Cognitive function: 17b. Specific: visual learning: ii. average score (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -1.80, 95% CI -10.07 to 6.47; participants =48; studies = 1, Analysis 2.34).

2.35 Cognitive function: 18a. Specific: visual memory/new learning: i. average score - single dose (CANTAB - PAL total errors
adjusted, endpoint, high = poor)

These continuous data were skewed and are reported as 'other data' (Analysis 2.35).

2.36 Cognitive function: 18b. Specific: visual memory/new learning: ii. average score - single dose (CANTAB - PAL errors 6 shapes
adjusted, endpoint, high = poor)

These continuous data were skewed and are presented as 'other data' (Analysis 2.36).
2.37 Cognitive function: 19a. Specific: working memory: i. average score - single dose (MCCB score, endpoint, high = good)
There was no clear difference between groups for this outcome (MD 3.45, 95% CI -2.99 to 9.89; participants = 40; studies = 1, Analysis 2.37).

2.38 Cognitive function: 19b. Specific: working memory: ii. average score (MCCB score, endpoint, high = good)

There was no clear difference between groups for this outcome (MD -3.80, 95% Cl -11.18 to 3.58; participants =48; studies = 1, Analysis 2.38).

2.39 Cognitive function: 19c¢. Specific: working memory: iii. average score (ODRT 2-second delay, endpoint, high = good, skewed
data)

These continuous data were skewed and are presented as 'other data' (Analysis 2.39).

2.40 Cognitive function: 19d. Specific: working memory: iv. average score (ODRT direct touch, endpoint, high = good, skewed
data)

These continuous data were skewed and are presented as 'other data' (Analysis 2.40).

2.41 Cognitive function: 20. Specific: working memory/strategy - average score - single dose (CANTAB - SWM strategy, endpoint,
high = good)

There was no clear difference between groups for this outcome (MD -2.39, 95% CI -5.17 to 0.39; participants = 40; studies = 1, Analysis 2.41).

Footnotes
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CANTAB - OTS - Cambridge Neuropsychological Test Automated Battery.

CANTAB - IED = Cambridge Neuropsychological Test Automated Battery - Intra-Extra Dimensional Set Shift.
CANTAB - RTI = Cambridge Neuropsychological Test Automated Battery - Reaction Time.

CANTAB - RVP = Cambridge Neuropsychological Test Automated Battery - Rapid Visual Information Processing.
CANTAB - PAL = Cambridge Neuropsychological Test Automated Battery - Paired Associates Learning.
CANTAB - SWM = Cambridge Neuropsychological Test Automated Battery - Spatial Working Memory.
CANTAB - MOT = Cambridge Neuropsychological Test Automated Battery -Motor Screening Task.

COWAT = Controlled Word Association Test.

CPT-IP = Continuous performance test-identical pair.

CVLT = California verbal learning test

DMST = Delayed match to sample task.

DS-CPT = Degraded Stimulus-Continuous Performance test.

MCCB = MATRICS Consensus Cognitive Battery.

ODRT = Oculomotor Delayed Response Test.

RAVL = Rey Auditory Verbal Learning Test.

TMT = Trail Making Test

Appendix 3. Methods in published protocol
Criteria for considering studies for this review
Types of studies

All relevant randomised controlled trials will be included. Where trials are described as 'double-blind' but are only implied as being
randomised, they will be included in a sensitivity analysis. If there are no substantive differences within primary outcomes (Types of
outcome measures) when these 'implied randomisation' studies are added, then we will include these in the final analysis. If there are
substantive differences, these studies will not be included in the analysis and we will describe the results of the sensitivity analysis in the
text. Randomised cross-over studies will be eligible but only data up to the point of first cross-over because of the likely carry-over effects
of all treatments (Elbourne 2002). We will exclude quasi randomised studies such as those allocating by using alternate days of the week.

Types of participants

Participants will be adults (18-65 years) diagnosed with schizophrenia and other types of schizophrenia-like psychoses (e.g.
schizophreniform and schizoaffective disorders), irrespective of the diagnostic criteria used. There is no clear evidence that the
schizophrenia-like psychoses are caused by fundamentally different disease processes or require different treatment approaches
(Carpenter 1994).

Types of interventions

1. Modafinil: any dose/administration
2. Placebo
Both interventions are in addition to care as usual.

Types of outcome measures

We will group outcomes into single dose, short-term (chronic dose for up to 12 weeks), medium-term (chronic dose for up to 26 weeks)
and long-term (chronic dose for over 26 weeks).

Primary outcomes

1. Mental state (with particular reference to the positive and negative symptoms of schizophrenia)
1.1 No clinically important change in general mental state score

1.2 Average endpoint general mental state score

1.3 Average change in general mental state scores

1.4 No clinically important change in positive symptoms of schizophrenia

1.5 Average endpoint positive symptom score

1.6 Average change in positive symptom scores

1.7 No clinically important change in negative symptoms of schizophrenia

1.8 Average endpoint negative symptom score

1.9 Average change in negative symptom scores

2. Cognitive functioning

2.1 No clinically important change in overall cognitive functioning

2.2 No clinically important change in specific aspects of cognitive functioning (e.g., IQ, memory, learning, attention, fluency, control,
executive functioning)

2.3 Average endpoint of overall cognitive functioning score
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2.4 Average change of overall cognitive functioning scores
2.5 Average endpoint specific cognitive functioning score
2.6 Average change specific cognitive functioning scores

Secondary outcomes

1. Behaviour/Emotional state

1.1 No clinically important change in overall behaviour

1.2 No clinically important change in specific aspects of behaviour/emotion (e.g., anxiety, aggression, mood)
1.3 Average endpoint behaviour score

1.4 Average change in behaviour scores

2. Global state

2.1 Relapse

2.2 Time to relapse

2.3 No clinically important change in global state
2.4 Not any change in global state

2.5 Average endpoint global state score

2.6 Average change in global state scores

3. Social/General functioning

3.1 Average endpoint general functioning score

3.2 Average change in general functioning scores

3.3 No clinically important change in specific aspects of functioning, such as social or life skills
3.4 Not any change in specific aspects of functioning, such as social or life skills

3.5 Average endpoint specific aspects of functioning, such as social or life skills

3.6 Average change in specific aspects of functioning, such as social or life skills

3.7 Employment status (employed/unemployed)

4, Quality of life

4.1 No clinically important change in general quality of life
4.2 Average endpoint general quality of life score

4.3 Average change in general quality of life scores

5. Service Use
5.1 Mean days in hospital
5.2 Number of participants admitted to hospital/re-hospitalised

6. Satisfaction with treatment

6.1 Recipient of care not satisfied with treatment

6.2 Recipient of care average satisfaction score

6.3 Recipient of care average change in satisfaction scores
6.4 Carer not satisfied with treatment

6.5 Carer average satisfaction score

6.6 Carer average change in satisfaction scores

7. Adverse effects

7.1 Number of participants with at least one treatment-emergent adverse effect

7.2 Clinically important specific adverse effects (e.g. cardiac effects, death, movement disorders, probating increase
and associated effects, fatigue, sedation, seizures, weight gain, effects on white blood cell count)

7.3 Average endpoint in specific adverse effects

7.4 Average change in specific adverse effects

7.5 Death (natural or suicide)

8. Leaving the study early (any reason, adverse events, inefficacy of treatment)

Search methods for identification of studies
Electronic searches

On April 27, 2015, the Trials Search Co-ordinator (TSC) searched the Cochrane Schizophrenia Group's Study-Based Register of Trials using
the following search strategy:

*Modafinil* in Intervention of STUDY
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In such study-based register, searching the major concept retrieves all the relevant keywords and studies because all the studies have
already been organised based on their interventions and linked to the relevant topics.

The Cochrane Schizophrenia Group's Register of Trials is compiled by systematic searches of major resources (including AMED, BIOSIS,
CINAHL, EMBASE, MEDLINE, PsycINFO, PubMed, and registries of clinical trials) and their monthly updates, hand-searches, grey literature,
and conference proceedings (see Group Module). There are no language, date, document type, or publication status limitations for
inclusion of records into the register.

Searching other resources

Studies will also be identified by cross-referencing of reviews and included studies. We will also contact laboratories that are in the process
of studying these effects. Studies will also be identified from conferences and congresses.

Data collection and analysis
Selection of studies

Two authors (LS and JHB) will independently read citations identified from the search and include studies according to the criteria for
review. Irrelevant articles will be discarded by a review of the title and its abstract. In the presence of any suggestion that the article
could possibly be relevant, it will be retrieved for further assessment. Any disagreements will be resolved by discussion. If it is impossible
to resolve disagreements these studies will be added to those awaiting assessment and the authors of the papers will be contacted for
clarification. Non-concurrence in trial selection will be reported.

Data extraction and management

1. Extraction

Two independent reviewers (LS and JHB) will extract data from the selected trials using the double entry method. In the event of a
difference between the reviewers, they will seek to resolve the difference by further scrutiny of the original trial reports, and may involve
a third reviewer and/or contact the authors for further information.

2. Management
Data will be extracted onto standard, simple forms.
3. Scale-derived data

Wewillinclude continuous data from rating scales only if: (a) the psychometric properties of the measuring instrument have been described
in a peer-reviewed journal (Marshall 2000); (b) the measuring instrument was not written or modified by one of the trialist; (c) the measuring
instrument is either (i) a self-report or (ii) completed by an independent rater or relative.

Assessment of risk of bias in included studies

Two review authors (LS and JHB) will independently assess risk of bias in accordance with the Cochrane Collaboration's tools for assessing
quality and risk of bias (Higgins 2008). This tool encourages consideration of how the sequence was generated, how allocation was
concealed, the integrity of blinding, the completeness of outcome data, selective reporting and other biases. The risk of bias in each
domain, and overall, are assessed and categorised into:

A. Low risk of bias: plausible bias unlikely to seriously alter the results (categorised as 'Yes' in Risk of Bias table)

B. High risk of bias: plausible bias that seriously weakens confidence in the results (categorised as 'No' in Risk of Bias table)

C. Unclear risk of bias: plausible bias that raises some doubt about the results (categorised as 'Unclear' in Risk of Bias table)

Trials with high risk of bias (defined as at least 3 out of 5 domains categorised as 'No') will not be included in the meta-analysis. If the
raters disagree, the final rating will be made by consensus with the involvement of another member of the review group. Where inadequate
details of randomisation and other characteristics of trials are provided, authors of the studies will be contacted in order to obtain further
information. Non-concurrence in quality assessment will be reported.

Measures of treatment effect

1. Binary outcomes
Where binary outcomes (proportions) are used, we will calculate fixed-effects model relative risks (RR) (Furukawa 2002), and 95%
confidence intervals for each outcome. We will perform a sensitivity analysis for heterogeneity, and if thisis significant, we willuse arandom

effects model. The relative risk will be chosen over the odds ratio because the latter tends to overstate effect size when event rates are
high (Higgins 2008).

2. Continuous data
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2.1 Summary statistic

For continuous outcomes we will estimate a Weighted Mean Difference (WMD) between groups. WMDs are based on the fixed-effects
model, unless there is significant heterogeneity, in which case we will use the random-effects model. We will calculate Standardised Mean
Differences (SMD) for continuous outcomes measured with different scales.

2.2 Endpoint versus change data

Since there is no principal statistical reason why endpoint and change data should measure different effects (Higgins 2008), we will use
scale endpoint data which is easier to interpret from clinical point of view. If endpoint data are not available, we will use change data.

2.3 Skewed data

Continuous data on clinical and social outcomes are often not normally distributed. To avoid the pitfall of applying parametric tests to
non-parametric data, we aim to apply the following standards to all data before inclusion: (a) standard deviations (SD) and means (M) are
reported in the paper or obtainable from the authors; (b) when a scale starts from the finite number zero, the SD, when multiplied by two,
is less than the mean (as otherwise the mean is unlikely to be an appropriate measure of the centre of the distribution (Altman 1996)); (c) if
a scale starts from a positive value the calculation described above will be modified to take the scale starting point into account. In these
cases skew is present if 2SD>(S-S min), where S is the mean score and S min is the minimum score. Endpoint scores on scales often have
a finite start and end point and these rules can be applied. When continuous data are presented on a scale which includes a possibility of
negative values (such as change data), it is difficult to tell whether data are skewed or not. These skewed data will be excluded and then
included to see if they make a substantive difference in the results. If it does, data will be excluded. If it does not, data will be included
and results discussed.

2.4 Data synthesis

When standard errors instead of standard deviations are presented, the former will be converted to the standard deviations. If standard
deviations are not reported and cannot be calculated from available data, authors will be asked to supply the data. In the absence of data
from authors, we will calculate the SD using the p-values and the sample size of the group(s) present in individual studies (Chapter 8.5.2.5
"P-values" from the Cochrane Handbook version 4.2.6).

Unit of analysis issues

1. Cluster trials

Studies increasingly employ 'cluster randomisation' (such as randomisation by clinician or practice) but analysis and pooling of clustered
data poses problems. Firstly, authors often fail to account for intra class correlation in clustered studies, leading to a 'unit of analysis' error
(Divine 1992) whereby p-values are spuriously low, confidence intervals unduly narrow and statistical significance overestimated. This
causes Type | errors (Bland 1997; Gulliford 1999). Where clustering has not been accounted for in primary studies, we will present the data
in a table, with a (*) symbol to indicate the presence of a probable unit of analysis error. In subsequent versions of this review we will seek
to contact first authors of studies to obtain intra class correlation coefficients of their clustered data and to adjust for this by using accepted
methods (Gulliford 1999). Where clustering has been incorporated into the analysis of primary studies, we will also present these data as if
from a non-cluster randomised study, but adjusted for the clustering effect. The binary data as presented in a report should be divided by
a 'design effect'. This is calculated using the mean number of participants per cluster (m) and the intra-class correlation coefficient (ICC)
[Design effect = 1+(m-1)*ICC] (Donner 2002). If the ICC has not been reported it will be assumed to be 0.1 (Ukoumunne 1999).

2. Studies with multiple treatment groups

Where a study involved more than two treatment groups, if relevant, the additional treatment groups will be presented in additional
relevant comparisons. Groups will either be combined in two categories of treatment-no treatment, where appropriate, to create a single
pair-wise comparison. Alternatively, if groups differ among them, groups will be split so they can be compared to each group. However
data will not be double-counted. Where the additional treatment groups were not relevant, these data will not be reproduced.

Dealing with missing data

1. Overall loss of credibility

At some degree of loss of follow up data must lose credibility (Xia 2009). Should more than 40% of data be unaccounted for we will not
reproduce these data or use them within analyses, with the exception of the analysis of numbers leaving the study early.

2. Binary

In the case where attrition for a binary outcome is between 0 and 40% and outcomes of these people are described, we will include
these data as reported. Where these data are not clearly described, data will be presented on a 'once-randomised-always-analyse' basis,
assuming an intention to treat analysis. Those lost to follow up will be all assumed to have a negative outcome. For example, for the
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outcome of employment, those who were lost to follow up will be considered all unemployed. Afinal sensitivity analysis will be undertaken
testing how prone the primary outcomes are to change when 'completer' data only are compared to the intention to treat analysis using
the negative assumption.

3. Continuous

In the case where attrition for a continuous outcome is between 0 and 40% and completer-only data are reported, we will reproduce these.

4. Intention-to-treat (ITT)

Intention-to-treat (ITT) will be used when available. We anticipate that in some studies, in order to do an ITT analysis, the method of last
observation carried forward (LOCF) would be employed within the study report. As with all methods of imputation to deal with missing
data, LOCF introduces uncertainty about the reliability of the results. Therefore, where LOCF data have been used in the analysis, it will
be indicated in the review.

Assessment of heterogeneity

Overall, if possible, results will be calculated based on the fixed-effects model. We plan to quantify the impact of statistical heterogeneity in
the meta-analysis using 12, a measure of the degree of inconsistency in the studies' results. This measure describes the percentage of total
variation across studies due to heterogeneity rather than chance. The values of 12 lie between 0% and 100%, and a simplified categorisation
of heterogeneity that we plan to use is of low (12 value of 25%); moderate (12 value of 50%); and high (12 value of 75%) (Higgins 2003). In
addition, a Chi2 test will be included to assess whether observed differences in results are compatible with chance alone. A low p-value
provides evidence of heterogeneity of intervention effects.

Assessment of reporting biases

Afunnel plot will be used to assess whether the review is subject to publication bias where 10 or more studies are available. If asymmetry
is detected we will also assess other possible causes such as selection bias, reporting bias, true heterogeneity and artefact. The possible
existence of small study effects will be examined by Egger's regression method (Egger 1997) as well as by visual inspection of the graph.
Where available we will compare the study protocols to published reports to assess for outcome reporting bias. Otherwise we will compare
the 'Methods' section of the study to the 'Results' section of the report. If we suspect outcome reporting bias we will contact authors for
data.

Data synthesis

We will synthesise data performing meta-analysis using the fixed-effects model. If heterogeneity is present among the included studies,
we will use the random-effects model. Where available, the analyses will be based on intention-to-treat data from the individual studies.
The data from included trials will be combined in a meta-analysis if they are sufficiently homogeneous, both clinically and statistically.

Subgroup analysis and investigation of heterogeneity

If necessary, we will perform subgroup analysis in order to investigate heterogeneity in the case scenario 12 was superior to 50%. If the
number of studies allows, analyses will be performed taking factors that may contribute to the existence of clinical heterogeneity into
account. These might include diagnosis, age, sex or different doses of modafinil administered.

Sensitivity analysis

We will perform sensitivity analyses to determine the impact of study quality on outcome, including and excluding studies with missing
data. We will also investigate the effect of including studies with implied randomisation and high attrition rates by sensitivity analyses. In
addition, different doses of modafinil will be compared with regard to the primary outcomes of mental state and cognitive function using
sensitivity analyses.

Appendix 4. Checklist to aid consistency and reproducibility of GRADE assessments
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Trial limita- SoF out- SoF out- SoF out- SoF out- SoF out- SoF out- SoF out-
tions comel comel come 3 come 4 come>5 come 6 come 7
(Mental (Cognitive (Adverse (Global (Leaving (Quality of (Service
state - clini- function: events-se-  state) the study life - any utilisation:
callyimpor- 1. Overall rious ad- early) change as hospital ad-
tant change - average verse ef- defined by mission)
-worsening  score (MC- fect) each study)
psychosis) CB high =
good))
Risk of bias Was random sequence generation used (i.e. Unclear Yes Unclear Unclear Yes Yes Yes
a no potential for selection bias)?
Was allocation concealment used (i.e. no po- Unclear Yes Unclear Unclear Yes Unclear Yes
tential for selection bias)?
Was there blinding of participants and per- Unclear Yes Unclear Unclear Yes Yes Yes
sonnel (i.e. no potential for performance bias)
or was the outcome not likely to be influ-
enced by lack of blinding?
Was there blinding of outcome assessment Unclear Yes Unclear Unclear Yes Yes Yes
(i.e. no potential for detection bias) or was
the outcome measurement not likely to be in-
fluenced by lack of blinding?
Was an objective outcome used? Yes Yes Unclear Yes Yes Yes Yes
Were more than 80% of participants enrolled  Yes Yes Unclear Yes Yes Yes Yes
in trials included in the analysis (i.e. no poten-
tial reporting bias)?e
Were data reported consistently for the out- Yes Yes Unclear Yes Yes Yes Yes
come of interest (i.e. no potential selective re-
porting)?
No other biases reported (i.e. no potential of Yes Yes Yes Yes Yes Yes Yes
other bias)?
Did the trials end up as scheduled (i.e. not Yes Yes Yes Yes No (*) Yes Yes
stopped early)?
Inconsisten-  Point estimates did not vary widely? No (*) N/A N/A N/A Yes N/A N/A
b
cy
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(Continued)
To what extent did confidence intervals over-  Substantial N/A N/A N/A Substantial N/A N/A
lap (substantial: all confidence intervals over-
lap at least 1 of the included studies point es-
timate;
some: confidence intervals overlap but not
all overlap at least 1 point estimate; no: at
least 1 outlier: where the confidence interval
of some
of the studies do not overlap with those of
most included studies)?
Was the direction of effect consistent? No (*) N/A N/A N/A Yes N/A N/A
What was the magnitude of statistical hetero-  Low N/A N/A N/A Low N/A N/A
geneity (as measured by 12) - low (1* < 40%),
moderate (12 40% to 60%), high (1> > 60%)?
Was the test for heterogeneity statistically Not statisti- N/A N/A N/A Not statisti- N/A N/A
significant (P <0.1)? cally signif- cally signif-

icant icant

Indirectness  Were the populations in the included studies Applicable Applicable Applicable N/A Applicable N/A Applicable
applicable to the decision context?
Were the interventions in the included studies  Applicable Applicable Applicable N/A Applicable Applicable Applicable
applicable to the decision context?
Was the included outcome not a surrogate Yes Yes Yes Yes Yes Yes Yes
outcome?
Was the outcome time frame sufficient? Insufficient  Insufficient Insufficient Insufficient Sufficient Insufficient  Insufficient

(*) (*) (*) (*) (*) (*)

Were the conclusions based on direct com- Yes Yes Yes Yes Yes Yes Yes
parisons?

Impreci- Was the confidence interval for the pooled es-  No (*) No (*) No (*) No (*) Yes No (*) No (*)

sionc¢ timate not consistent with benefit and harm?
What is the magnitude of the median sample Intermedi- Low (*) Low (*) Low (*) Low (*) Low (*) Low (*)
size (high: 300 participants, intermediate: 100  ate

to 300 participants, low: < 100 participants)?¢
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(Continued)

What was the magnitude of the number ofin-  Moderate Small (*) Small (*) Moderate Small (*) Small (*) Small (*)
cluded studies (large: > 10 studies, moderate:
5to 10 studies, small: < 5 studies)?e
Was the outcome a common event (e.g. oc- Yes N/A N/A Yes Yes N/A Yes
curs more than 1/100)?

Publication Was a comprehensive search conducted? Yes Yes Yes Yes Yes Yes Yes

biasd
Was grey literature searched? Yes Yes Yes Yes Yes Yes Yes
Were no restrictions applied to study selec- Yes Yes Yes Yes Yes Yes Yes
tion on the basis of language?
There was no industry influence on studiesin-  No (*) Yes Yes Yes Yes Yes Yes
cluded in the review?
There was no evidence of funnel plot asym- N/A N/A N/A N/A N/A N/A N/A
metry?
There was no discrepancy in findings be- N/A Unclear Unclear Unclear Unclear Unclear Unclear

tween published and unpublished trials?
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MCCB = MATRICS Consensus Cognitive Battery.
N/A = not applicable.
SOF = 'Summary of findings' table.

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to
individual trials.

bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity
based on I? statistic.

(*): key item for potential downgrading the quality of the evidence (GRADE) as shown in the footnotes of the 'Summary of findings'
table.

When judging the width of the confidence interval, it is recommended to use a clinical decision threshold to assess whether the
imprecision is clinically meaningful.

dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry, and discrepancies between
published and unpublished trials.

eDepends on the context of the systematic review area.

HISTORY

Protocol first published: Issue 9, 2010
Review first published: Issue 12,2019

Date Event Description

31 October 2019 Amended Search rerun and no new studies found.

24 May 2017 Amended Search rerun and five references added as studies awaiting clas-
sification.

9 June 2015 Amended Search was run and 61 references added as studies awaiting clas-
sification.
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SOURCES OF SUPPORT
Internal sources
« No sources of support supplied

External sources

« Pinsent Darwin Fund of the University of Cambridge, UK.
« NIHR CLAHRC for Cambridgeshire & Peterborough, UK.
« Cambridge Cognition Ltd., UK.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We have made a number of minor changes to the published protocol.
Title: We changed the title to more accurately reflect the types of participants included in the review.

Objectives: We clarified that review does include people with schizophrenia or related disorders as described in 'Types of participants' in
the published protocol.

Outcomes: We changed the order of the primary outcomes, as we considered mental state to be of more importance for people with
schizophrenia.

We have changed wording of outcomes to reflect latest terminology in Cochrane Schizophrenia Group (CSzG) methods template. For
example no clinically important change is now clinically important change.

We have updated sections of our methods to reflect updates to CSzG methods template. These are not major changes to the methods, the
changes are refinements and clarifications to previous statements. For published protocol methods please see Appendix 3

The background was updated with up-to-date references.

We included Prasuna 2015 a trial in which some of the participants had an affective psychosis, we made a sensitivity analysis regarding
this outcome and the results were not changed.

We decided to present outcomes for the sub-scores of scales measuring cognitive outcomes because one of the potential indications for
modafinil was improvement of cognitive function, thus, we considered these outcomes relevant.

We decided to establish an appendix' Checklist to aid consistency and reproducibility of GRADE assessments' (Meader 2014) in order to aid
with the standardisation of the 'Summary of findings' tables (Appendix 4).

INDEX TERMS

Medical Subject Headings (MeSH)

Antipsychotic Agents [therapeutic use]; Cognition [drug effects] [physiology]; Modafinil [*therapeutic use]; Quality of Life;
Randomized Controlled Trials as Topic; Schizophrenia [*drug therapy]; Wakefulness-Promoting Agents [*therapeutic use]

MeSH check words

Humans
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